


THE 
INSTITUTION OF PRODUCTION ENGINEERS, 

















-— 





ot Te. 


























THE 


Institution of Production Engineers. 





( PROCKEDINGS 


OF THE 





Se ail 


SESSION 1925-24. 


VOLUME Iil. 


Ri wat alte 





The right of Publication and of Translation is reserved, 





The Institution asa body is not responsible either for the statements 
made or for the opinions expressed in the following pages. 


PUBLISHED BY THE INSTIITUTjON, . 
20, LUSHINGTON RoapD, HARLESDEN, N.W7°10." 








THE 
INSTITUTION OF PRODUCTION ENGINEERS. 


SESSION 1923-1924. 


President: Mr. J. D. Scare. 


Vice-Presidents : 
Mr. W. L. FisHER, Richmond. | Mr. H. E. Honer, London, S.E. 


Members of Council: 
Mr. H. C. ARMITAGE, King’s Heath, , Mr. G. Hey, London. 





Birmingham. Mr. R. H. Hutcurinson, Acton. 
Mr. W. Attwoop, London. Mr. Max R. LAWRENCE, Dagenham 
Mr. A. BUTLER, Chiswick. Mr. H. S. Locker, Isleworth. 

Mr. A. T. Davey, Bedford. Mr. W. P. MEEson, Dumfries. 

Mr. W. F. Dormer, Enfield. Mr.R.MITCHELL, Newark-on-Trent. 

Mr. H. A. DuDGEoN, Coventry. Mr. S. B. Rosson, King’s Norton, 

Mr. G. H. HAtEs, Guildford. Birmingham. 

Mr. C. F. HAmMMonp, London. Mr. R. WARING-Brown, Leeds. 
Hon. Sec.: 


Mr. E. D. BALL, 20, Lushington Road, Harlesden, N,W.to. 





-~— ie _— —_— ti _— aia, alla 





~——- 


ee 


CONTENTS 


List oF CouNcIL MEMBERS .. 
ANNUAL GENERAL MEETING .. 


“IDLE CAPITAL IN THE MACHINE SHoP.” ARTHUR 
EASTHOPE .. 


** THE USE OF CHARTS IN ENGINEERING.” A. W. SWAN 
*“ ELECTRIC FURNACES” L. W. WILD 


““ ACCURACY IN PRODUCTION ENGINEERING.” J. E. BAty 
AND J. C. BROOKES “ “ ois oe 


‘* PRODUCTION ORGANISATION.” N. GERARD SMITH 
VISIT TO THE WoRKS OF MEssrs. PETTERS, LtTp., YEOVIL 


“THE RELATION OF ILLUMINATION TO PRODUCTION.” 
W. E. BusuH 


“THE EVOLUTION OF AN INDIAN PROGRESS SYSTEM.” 
R. J. Morr 


‘INDUSTRIAL DIAMONDS.” R. SHAW 


PROVINCIAL BRANCHES :— 
COVENTRY : 
““CuTTING SPEEDs.”’ C, CATLIN 
NEWARK-ON-TRENT. 
List OF MEMBERS 


OBJECTS AND RULEs . 


PAGE 








THE 
INSTITUTION OF PRODUCTION ENGINEERS. 


SECOND ANNUAL GENERAL MEETING. 


THE second annual general meeting of the Institution of 
Production Engineers was held on Wednesday, October 
17th, at the Engineers’ Club, Coventry Street, London, 
WF. 

Mr. J. D. Scaife, who has been elected as president for the 
1923-24 session, presided over a large attendance of members and 
visitors. 

After Mr. Scaife had delivered his address, there were light 
refreshments, and a smoking concert took place. The items in- 
cluded songs, etc., by Messrs. Frank P. Turner, of Messrs. E. W. 
Bliss & Co., Ivor B. Jenkins, H. A. Dainty, Fred W. Moore, 
Edwin Bullock, Arthur C. Baldwin, Ernest C. Dainty, etc. 

Mr. J. D. Scaife, M.I.Mech.E., A.F.R.Ae.S., Works Manager 
of Messrs. Ransome & Marles Bearing Co., Ltd., Newark-on- 
Trent, first made reference to his election as President of the 
Institution for the year 1923-24, and then presented the following 
address. 


Factory Labour. 


Factory labour can be divided roughly into two classes : semi- 
or unskilled, and skilled, and I have sometimes, with a boy fresh 
from school in front of me, pondered over the enormity of the 
step when deciding whether the boy had to take an unskilled, or 
a skilled, path through the shops ; the former leading quickly, in 
the eyes of the boy, to piecework and riches, but surely in my 
eyes to limited scope with small prospects of advancement, 
whereas the latter path, though far less lucrative at first, is never- 
theless the only way that progress lies. It is true that exceptions 
can be quoted, and that many eminent men have succeeded, in 
spite of a bad start, but generally speaking the above is true to 
fact. It is from the ranks of those who are directed along the 
skilled path that foremen and managers of the future are, and will 
be, chosen, and as the further development of the factory system 
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takes place the proportion of these to the unskilled class grows 
less, as at the same time the quality of skill is necessarily higher. 
The proper selection at the outset, therefore, becomes of greater 
importance as time goes on. 

(Quite often I come across a flagrant case of misdirection 
Sometimes it is where a youth is found with a keen inclination, 
and more than average initiative, working in the factory with 
little or no prospects of advancement ; and in another case it may 
be that a youth is filling a skilled position in an unskilful and 
lackadaisical fashion. 

It has often been argued that the modern factory system is 
destroying initiative, lowering the quality of engineering skill, 
and reducing the general happiness of the workers, and whilst 1 
do not by any means subscribe to this opinion, I have to confess 
that there is a great deal of evidence to account for this view. 

‘Yo a youth possessing ambition to become an engineer, I can 
conceive of no occupation more deadening than that of attending 
the same machine day after day, and year after year, so that it is 
advisable to exercise the greatest care in the selection process. 

A large majority of workers find such an occupation in a clean, 
healthy shop, with reasonable remuneration, entirely to their satis- 
faction. The work they are engaged upon can be performed 
almost sub-consciously, and in a well-organised works the physical 
energy called for is not unduly great. It naturally follows that 
this class of labour will not find in this work all the absorbing 
satisfaction they need, and that work with them is, as it should 
be, a means of livelihood. Granted a continuity of employment, 
they are assured of more leisure than falls to the lot of the 
average manager, and a life which may be free from care and 
anxiety. 

The factory system is providing a fuller life for the rank and 
file of the workers as time goes on, and the greater attention given 
to the science of manufacture, the greater will be the opportuni- 
ties of the factory worker for enjoying life to his own satisfaction. 

If the homes of the factory workers are in the vicinity of the 
works, it is advisable for the managing staff to take more than a 
passing interest in the social life and recreations of the workers. 
A little assistance in the organisation of their sports from men who 
have the organising habit well developed, is amply repaid in the 
enjoyment that the workers get from their recreations, and conse- 
quently in the better working spirit. It is advisable, however, 
for this assistance to be given in a tactful way, and the relative 
status which applies in the factory kept out of sight as much as 
possible. 

I have nof referred extensively to the semi-skilled labour class 
as it is with the skilled class of labour that I wish to deal mainly 
in these remarks. It is from such that, as I said, the foremen 
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and managers of the future are to be drawn, and the progress ot 
the future will be determined by the degree of skill we have at 
our disposal. 

It is not only progress in engineering that is dependent on this 
class of labour; it is the development of manufacturing science 
with its consequent possibility of bringing more and more useful 
commodities within the reach of all. Whilst it is well known that 
the factory system originated in this country and was developed 
with the introduction of the steam engine, it cannot be justly 
claimed that scientific manufacture in the engineering trade is of a 
high grade; in the textile trade, no doubt on account of its high 
output, efficiency is much higher. Sub-division of labour is finely 
developed, and high-grade textile goods, which were at one time 
only within the reach of a few, can now be purchased by manual 
workers. 

In the engineering trade, or shall we say in those branches of 
the engineering trade devoted to the manufacture of machinery, 
the same progress has not been made; most of our accurate 
measuring instruments come from abroad, and in spite of 
strenuous endeavours during recent years, America is still some 
way ahead in the design of labour-saving machines and cost- 
reducing organisations. 

Various reasons are put forward for this state of affairs; the 
wider field open to American manufacturers, high wage rates, 
etc., and these may be to some extent responsible, but I venture 
to say that the main reason is that British engineers are more con- 
cerned in the successful working of a mechanical idea than with 
its cheap manufacture ; in other words, our engineers are more 
interested in an engine than in a machine tool. 

The manufacturing sense of the majority of engineering em- 
ployers is poor. Their conception of the connection between sales 
and costs would be amusing, if it were not so serious as to be 
tragic. Attempts to combine businesses in this country seem to 
have developed on the lines of cutting out competition rather than 
on the lines of cutting out unnecessary costs. All this I suggest 
is due to the prime fact that manufacture, purely and simply, does 
not receive sufficient separate study. 

If I were to ask what is the ratio of educational facilities open 
to the student of engineering science compared with the facilities 
for studying manufacturing science, I am sure there would be 
some difficulty in finding the correct answer. Practically all 
engineering science is concerned with power units, structures, etc., 
and no one will deny the world-wide importance of these. Where, 
however, is there any attempt being made to train engineers for 
the duty of manufacturing? Apart from a number of periodicals 
devoted to engineering manufacture there is very little, if any. 
At the present time factories have to depend on chance, and their 
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own initiative, to furnish their managing staff, so that if their 
initiative is of a poor order, and their luck is out, the result is 
inefficiency, and perhaps worse, as we very often see. I have 
never heard of a ‘‘ Chair of Manufacturing Engineering ’’ at any 
of our universities, but who would not agree that such a thing is 
not a hundred times more important than many of the existing 
ones. 

The essential requirements of a manufacturing engineer are :— 

1. A sound knowledge of the workability of materials 
commonly met with in engineering practice. 

2. <A thorough knowledge of standard machine tools, and 
experience in the design of labour-saving equipment. 

3. A systematic and orderly mind. 

4. Imagination. 

5. Knowledge of human nature. 

6. <A good sense of justice, and a determination to see it 
applied. 

The qualifications of a manufacturing engineer are dependent 
on the degree attained in these requirements. A thorough know- 
ledge of engineering science is not necessarily a disadvantage, 
but much of the standard stuff is of no direct help. For instance, 
advanced mathematics can be more readily dispensed with than a 
practical knowledge of machine tools; and a good understanding 
of one’s fellow men is of more value than a knowledge of heat 
engine theories. There is no doubt that the qualities which are 
most necessary in a manufacturing engineer are inherent; these 
are, I should say, imagination, and an understanding of human 
nature, but both are capable of development under proper condi- 
tions. With the exception of an elementary knowledge of 
mechanics and mathematics, the other requirements can best be 
acquired under practical conditions in the shops. 

On the off chance that any soap or food manufacturer should 
be inspired to found a series of scholarships for the purpose of 
studying manufacturing science (I mention these industries because 
I do not know of any wealthy engineers !), I should like to outline 
what I think would be the scheme on which to work. In the 
first place, consultation with the schoolmaster would give some 
indication of the boy’s inclination. After that an apprenticeship 
of, say, four years in the tool drawing office and tool room. The 
next three years might be made up of consecutive periods of eight 
months in tool design in a factory drawing office, and four months 
in a university taking lectures in economics, mechanics, shop 
systems, psychology, etc. The two further periods of eight months 
on equipment design should be spent in different factories. This, of 
course, is only a rough outline of what I have in mind, but I 
venture to say in all seriousness that it is high time that the 
subject received separate and serious attention, both by engineer- 





SECOND ANNUAL GENERAL MEETING 5 


ing firms and the education authorities. As an Institution, | 
feel we should exert the whole of the influence at our disposal 
in an endeavour to obtain the necessary consideration for future 
manufacturing specialists. 

Whilst making a few notes on the subject of my address I had 
my attention drawn by our worthy Honorary Secretary, Mr. 
Davey, to an announcement in the daily Press with regard to a 
recent exodus of skilled labour from this country. There has, of 
course, always been a steady stream of young engineers going 
from these islands to other countries, especially from the Northern 
parts, and it is safe to presume that the numbers will be greater 
during a time of trade depression, such as we are now passing 
through. No blame can be attached to any of those who leave 
the Motherland in search of a livelihood. In fact, they show 
the true spirit of their native land when, rather than become 
dependent on the dole, they uproot all their associations and 
hazard all they have on, what must be to them, a great adventure. 

The article to which I was referred was written from Sheffield, 
and we may safely take the conditions ruling in Sheffield as an 
index of the conditions obtaining throughout the engineering trade 
of this country. I am not quite sure just what our Secretary had 
in mind when he referred me to this matter, or whether he realised 
what he was letting me in for ; however, as one of those who has 
faith in the old country, I feel I am entitled to express an opinion 
for what it is worth. 

Briefly stated it is this :—if there is one particular branch of 
the engineering trade which needs to study manufacture on a 
scientific basis it is the steel trade of Sheffield. Scientific men 
are not lacking I know. Men who are as well acquainted with 
metallurgical science as need be, can be found in the laboratories 
there, but what is lacking is the combination of manufacturing 
organisation with the knowledge they already have of metallurgical 
science. I am speaking in connection with alloy and special steels 
rather than with regard to ordinary machinery steels, as my duties 
have kept me very much in touch with the former classes of steel. 
I have no doubt, however, that the same conditions are ruling 
throughout the industry. It is not sufficient to know how to make 
steel perfectly, or to know the causes when it is made imper- 
fectly. It is necessary to lay down regulations which will ensure 
the production of perfect steel, or, at any rate, that the user 
will not receive imperfect steel. I am perfectly sure that the 
large quantities of steel now being imported into this country 
are not accounted for by the economic advantages the foreign 
manufacturing countries possess, but it is rather on account of 
the regularity and consistency with which the foreign product 
meets requirements. Nor are these features due always to any 
natural advantage the other countries possess. The difference, I 
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believe, is accounted for by reason of a meticulous attention to 
detail, and a closer specialisation. 

I was recently favoured with an opportunity of looking over 
a well-known steel works on the Continent, and I saw what I 
expected to see (after some experience of the use of their steel) 
and what I believe to be necessary in all manufacturing establish- 
ments, that is, a factory system at work. I have never seen any- 
thing like it in Sheffield, and there is no reason to account for 
this, except that steel manufacturers there have not kept moving 
with the times. I am not a metallurgist, but I know this: that 
the whole secret of suitability and consistency in steel manufac- 
ture is not controlled wholly in the mixing; nor is it in any 
individual process ; it is rather in the systematic handling of the 
product throughout all the processes, not by workers who are 
entitled to put their individuality into the product, but by specially 
trained semi-skilled labour, working to detailed instructions with 
proper facilities. 

My opinion, based on some years of observation, suggests that 
in the methods applied in the Sheffield steel and products trade, 
there is too much left to the individual, and too little left to the 
manufacturing specialist, as distinct from the metallurgical 
specialist. There is too much rule of thumb, and too little 
routine. There is too much making, and too little manufactur- 
ing. In other words, Sheffield is making steel by methods which 
have long since been proved impracticable in ordinary engineering 
manufacture. In any line of manufactured products the best 
results, both as regards quality and cost of manufacture, are ob- 
tained by methods employing workers specially skilled in a limited 
number of operations, and controlling them by a suitable organisa- 
tion. 

There is a great deal more I could say on this subject, most 
of which I have already said to representatives of the Sheffield 
steel trade, and I believe that great changes will have to be made 
on the lines I have mentioned if Sheffield is to hold its own in 
the steel trade of the future. 

I am not seriously alarmed at the exodus of skilled labour 
from either the steel trade or any other branch of engineering, 
as regards numbers purely and simply, but what is of most 
importance is that it is quite likely that amongst the numbers 
emigrating there are those whom we ought to keep ready for the 
time when the engineering industry generally will realise their 
value. 
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A GENERAL Meeting of the Institution was held at the Engineers’ 
Club, Coventry Street, London, W.1, on Wednesday, October 
31st, 1923, Mr. G. H. Hales presiding. 

The Minutes of the previous meeting having been read, con- 
firmed, and signed, the Hon. Sec. (Mr. A. T. Davey) read the 
names of new members elected since the last meeting. 

The Hon. Sec., after announcing the names of the local officers 
elected at a meeting of the Coventry Branch on October 2oth, 
said that efforts were being made to form a local section in 
Birmingham, and intimated that any help from the London 
Members in that direction would be very much appreciated. 

The Chairman then introduced Mr. Arthur Easthope 
(Member), Works Manager at Messrs. Petters, Ltd., Westland 
Works, Yeovil, who read a paper on ‘‘ Idle Capital in the 
Machine Shop.’’ A particularly lively discussion subsequently 
took place, and, after a vote of thanks to the author, it was 
suggested that Mr. Easthope would favour the Institution with 
a further paper dealing in detail with his method of organisation. 

Mr. Easthope kindly promised to endeavour to deal with this 
matter later in the session. 











IDLE CAPITAL IN THE MACHINE SHOP. 


By Mr. ARTHUR EASTHOPE (MEMBER), Works MANAGER AT 
Messrs. PETTERS, LTD., WESTLAND WoRKS, YEOVIL. 


IpLE machines mean idle capital. Lost machining hours can 
never be recovered, and are a dead loss to the employer. 
The largest amount of capital sunk in the general sum of 
manufacturing concerns is absorbed in the machine equipment. It 
therefore follows that, in any consideration of the control or 
organisation of the productivity of the factory, the machine pro- 
blem is one that exerts a tremendous influence either for success 
or failure. Further, the machine department is the very centre 
of most factories. Given the requisite number of parts or com- 
ponents converted from the raw material to a finished part, and 
the rest of the difficulties of turning out a finished product are 
comparatively insignificant. It is true, of course, that there are 
sections of vital importance which exert a powerful influence upon 
the production of the finished product ; such a section is the tool 
room, but this, like other sections, is really contributory to the 
main task of converting raw material to a correct size and shape 
in quantities which enable the finished product to be assembled 
from them. Even here the machine tools have their place and 
importance, and indeed there are machine tools in various de- 
partments, and of the most varied kind, which do come under the 
classification of machine equipment. Travelling cranes, con- 
veyors, and the like all come within the scope of any enquiry re- 
lating to returns on capital outlay expended. 

Now for the sake of clarity I propose to divide this presentation 
of the case into two classes. Firstly, as it presents itself and 
appears to the individual shop foreman or manager as a work- 
shop proposition, and secondly, as it presents itself from the view- 
point of return on invested capital. 

Both are to an extent interlaced and are in essence one and the 
same problem, and at first sight it would appear that to divide 
the subject would tend to destroy the continuity of the argument. 
This will be so unless the reader considers them conjointly and 
realises that though the problem may be presented in two phases, 
it is only thus presented to obtain the difference of degree accord- 
ing to the position or focus that is brought to bear upon the 
problem. 
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Contemporary literature abounds with information upon efficient 
machining methods, and the fierce light of competition has com- 
pelled efficiency in this direction, but I am not here concerned 
with machine operations, but rather with machine non-operations. 
While it is quite true that production engineers are beginning to 
realise the waste involved by idle machine-hours, it is just as true 
that in the majority of British factories little or no organisation 
exists which serves to check this waste, or determine the extent 
of its influence upon production costs. 

First, then, it is necessary to get a clear distinction between 
hand work and machine work, and to realise the vastly different 
propositions between the loss of hand work-hours and the hours 
lost by machine operations. In the case of the manual worker 
losing time, this condition, to a certain extent, can be regained 
by increasing the numbers employed. In other words, the super- 
visor can, by an adjustment of hand workers or by a special 
speed-up, regain any time lost within limits, but in the case of 
a machine tool, which we can assume is always up to its capacity 
of output, time lost is impossible of replacement. 

Now in the ordinary course of events the factors to which 
machine loss is attributable are comparatively easy of recognition, 
and can invariably be accounted for by one of the following 
reasons :— 


(1) Repairs. 

(2) Interrupted work flow or material shortage. 

(3) Tools or lack of equipment. 

(4) Absence of operator. 

(5) Machine not required, or out of commission through 
variation of product. 


Keeping in mind the fact that lost machine-hours is capital 
waste (as will be shown later), it becomes, therefore, an impera- 
tive need that we determine 

(1) The cause. 
(2) The remedy. 
(3) The necessary steps to minimise a loss, if possible. 


It will be seen that in the chart shown in the accompanying 
illustration provision is made for the hours or time lost against 
each machine number and type, and under the cause assigned to 
the loss. Thus we have established a simple inexpensive method 
of tabulating the total weekly loss of capital occurring in the 
non-use of machine tools, and having assigned this loss to a 
definite cause, we are enabled to take the necessary steps deemed 
wise in removing the cause, remembering that every machine not 
running is decreasing the earning capacity of every other one run- 
ning by a definite amount. 
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Absence of Operator. 


Under this heading can be placed lost time in starting work. 
Whilst we are depending upon human effort so must we expect 
variation of results. But this can be controlled and kept within 
reasonable limits. Bad time-keeping in a machine shop cannot, 
of course, be tolerated, and starting and stopping times must be 
rigidly adhered to. Some authorities incline to the giving of a 
bonus for good time-keeping, or by other various means endeavour 
to obtain reduction of idle machine time by the offer of various 
inducements. 

My experience is utterly opposed to this practice, which tends 
to lower the morale of the shop and sap the foundation of 
authority and discipline. Men quickly realise these things and 
invariably respond to the governing conditions prevailing. If the 
governing factor is right, then lost time in commencing and stop- 
ping work will disappear. There is, then, to be considered those 
times when an operator is absent through unavoidable causes. It 
is often wise management to have a reserve man or two employed 
upon duties of a more elastic kind which enables the man to be 
rapidly removed and to operate those machines which are un- 
manned. In some factories this is much easier than in others, 
but in most of them there is certain work, generally of a non- 
productive character, upon which can be engaged men who are 
recognised emergency men for machine operations. 


Interrupted Work Flow. 


This is a more difficult problem, and in a measure is outside 
the control of the machine shop foreman. It can arise from 
various reasons, either failure of supply of material from outside 
sources or from a variety of causes such as failure of supply 
from other departments. In shops where operations are syn- 
chronised, the protracted breakdown of a machine will of course 
affect the supply of work to certain other machines, but these 
are internal problems of management which can: be successfully 
combated when the importance of avoiding lost machine time is 
graphically realised. If any departmental manager or superinten- 
dent can be shown how much the breaking of the production link 
in his department has cost the company in lost capital as the 
result of lost machine-hours, it is reasonable to assume that he 
will view this factor from a different angle of vision than is often 
found. 

If, assisted by all known facts, we estimate that a sale of, 
say, 400 articles can be effected over a period of 4 weeks, then 
the total capital expended should bear a definite relation to sales 
values. 

Idle machine-hours interfere with that relation, and, of course, 
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Absence of Operator. 


Under this heading can be placed lost time in starting work. 
Whilst we are depending upon human effort so must we expect 
variation of results. But this can be controlled and kept within 
reasonable limits. Bad time-keeping in a machine shop cannot, 
of course, be tolerated, and starting and stopping times must be 
rigidly adhered to. Some authorities incline to the giving of a 
bonus for good time-keeping, or by other various means endeavour 
to obtain reduction of idle machine time by the offer of various 
inducements. 

My experience is utterly opposed to this practice, which tends 
to lower the morale of the shop and sap the foundation of 
authority and discipline. Men quickly realise these things and 
invariably respond to the governing conditions prevailing. If the 
governing factor is right, then lost time in commencing and stop- 
ping work will disappear. There is, then, to be considered those 
times when an operator is absent through unavoidable causes. It 
is often wise management to have a reserve man or two employed 
upon duties of a more elastic kind which enables the man to be 
rapidly removed and to operate those machines which are un- 
manned. In some factories this is much easier than in others, 
but in most of them there is certain work, generally of a non- 
productive character, upon which can be engaged men who are 
recognised emergency men for machine operations. 


Interrupted Work Flow. 


This is a more difficult problem, and in a measure is outside 
the control of the machine shop foreman. It can arise from 
various reasons, either failure of supply of material from outside 
sources or from a variety of causes such as failure of supply 
from other departments. In shops where operations are syn- 
chronised, the protracted breakdown of a machine will of course 
affect the supply of work to certain other machines, but these 
are internal problems of management which can- be successfully 
combated when the importance of avoiding lost machine time is 
graphically realised. If any departmental manager or superinten- 
dent can be shown how much the breaking of the production link 
in his department has cost the company in lost capital as the 
result of lost machine-hours, it is reasonable to assume that he 
will view this factor from a different angle of vision than is often 
found. 

If, assisted by all known facts, we estimate that a sale of, 
say, 400 articles can be effected over a period of 4 weeks, then 
the total capital expended should bear a definite relation to sales 
values. 

Idle machine-hours interfere with that relation, and, of course, 
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if taken far enough, would, in the natural sequence of events, 
make profits impossible. 

This is a vital fact in production organisation which cannot be 
too much stressed, as it is often lost sight of by foremen and 
others who are more intent on their intermediate problems ot 
shop life. 

It must be evident that the ‘‘ locking up ”’ of capital as repre- 
sented by the minimum length of time taken to turn the raw 
material into a finished saleable article is the foundation of suc- 
cessful management. 

Obviously, for every week’s delay, earnings are lost which can 
never by any possible means be recovered. 

The necessity of uninterrupted work flow is of paramount im- 
portance, because it follows that if, say, 95% of the work is 
accomplished and delayed by the remainder, then that 5% is 
the direct cause of the loss due to delayed turnover, and obviously, 
the smaller the amount causing the obstruction, the greater is the 
amount of capital lying idle or unrealised. 

The problem before the industrial organiser is, then, to accom- 
plish in the least possible time the conversion of capital, sunk 
in material, labour, plant and establishment charges, into returns 
from the finished product. Delays in delivery are a source of 
annoyance to a purchaser—they represent a certain amount of lost 
capital to the manufacturer. 

Capital is in a condition of suspension whilst being used for 
manufacturing—its benefits are only realisable to their fullest ex- 
tent when exchanged for the goods manufactured. Thus produc- 
tion to a predetermined time period is a fundamental condition 
governing successful organisation. 


? 





Machine Repairs. 

Under this heading we shall be enabled to keep the same 
periodical estimate of the cost in idle time due to breakdown. 
This information is most valuable, for not only will it determine 
the actual cost of idle time, but also the cost of upkeep of a par- 
ticular machine. During the life of a machine tool we have to 
reckon with the depreciation factor, and by the logical course 
of events there may arrive a time when a machine tool is kept at 
an actual loss by the fact that it is costing much more in main- 
tenance and lost production than its market value. The question 
of machine tool life is one of profound importance, and, as will 
be seen later, is far-reaching in its potential effect on the success- 
ful working of a company. 


Out of Commission. 


In the various phases of activity through which many manu- 
facturing concerns pass, it becomes inevitable that certain machine 
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tools are thrown wholly or partly out of commission. This is 
simply then a question of effecting as good a sale as can be 
obtained, but all such tools should never be allowed to remain in 
a production department. It is liable to upset the proper record- 
ing of idle machine hours under the control of the departmental 
head. Perhaps the most vital information is the idle hours due 
to there not being sufficient work allocated to the factory which 
will keep all machine tools in commission. 

It is here that the relation of output to costs is entered into, 
for it must be accepted that if capital as represented by machine 
tools is idle, it is equivalent to having cash which is not available 
for use. So much depends upon circumstances that to state a 
line of action would be presumptuous folly. I would, however, 
stress the importance of determining what the actual cost to a 
company may be as the result of having a number of machine 
tools out of commission, for upon this cost can be based any right 
line of action. 

In considering the facts of depreciating value—the capital sum 
being locked up in a non-productive machine, the constant evolu- 
tion of machine tool design, and the consequent deterioration in 
the life of a modern machine as a productive unit—all these fac- 
tors have to be considered along with others associated with the 
possible development of the business, and so precise information 
is an absolute essential. 

Thus far the question has been confined to shop administration, 
and such governing factors which come commonly within the 
defined scope of ordinary works’ management. ‘The results of 
enquiry must extend much further if the fundamental conditions 
governing the evil of idle capital, and the extent of its influence 
upon an industry are to be realised and taken to their logical con- 
clusion. ‘To obtain a thoroughly comprehensive understanding of 
the problem, there are certain fundamentals which have to be 
stated. All factory organisation aims at producing the best pos- 
sible return in the shortest time for capital expended. The price 
of the article to be sold is not obtained and fixed by any sales- 
manship, but rather by the purchasing power of a certain number 
of people who require the product ; this again being influenced by 
the competition existing between manufacturers to supply the 
article within this existing purchasing power. 

That is to say, given a number of people who desire possession 
of a certain article and have enough money to purchase it at a 
certain price, we have established a market for the product. 
Organisation may, of course, increase the numbers of people able 
to purchase, but fundamentally the price is fixed by the pur- 
chasing power of the community. 

Before fixing a primary capital sum for establishing the pro- 
ductive elements required, it is fundamentally necessary that a 
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careful analysis of the operations required to manufacture the 
produce be made, firstly, to determine the sizes and types of 
machines ; secondly, the machine equipment; thirdly, and of the 
utmost importance, the number of machine-hours. lor obviously, 
if we estimate a return within a given time upon the capital 
expended—then idle machine-hours is purely another term for idle 
capital. 

This then leads to the very definite conclusion that capital 
expenditure, as represented in machine tools and plant, is governed 
by the number of hours these units are engaged in operating. 
Also that given (1) cost of material, (2) size and types of machines, 
(3) machine equipment, (4) bare labour cost, (5) incidental ex- 
penses and total machine-hours required, we can estimate bare 
manufacturing costs from which it can be assumed that wages 
have been paid and material and incidental charges have been 
met. This sum deducted from the selling price leaves a sum from 
which to meet (1) total establishment charges, (2) dividend on 
capital, (3) capital value replacement. 

It is, of course, obviously to advantage to keep (1) as low as 
possible, (2) as high as possible, and (3) such as the machinery 
and plant is kept up to its original earning capacity and efficiency. 

I would direct attention to a close consideration of these three 
profoundly important aspects of factory organisation, for it will 
be apparent that ihey form a base upon which the structure of 
industry largely rests. 

We have previously determined the total number of machine- 
hours required to complete the product, and assuming that they 
are working the ordinary week of forty-eight hours, then we have 
forty-eight productive hour units as the result—this result having 
been arrived at by the expenditure of a certain amount of capital. 

Now if we work our machines twenty-four hours per day of 
three eight-hour shifts for six days per week, or a total machine- 
hour week of 144 hours—then the earning capacity of the initial 
outlay is trebled over a period of calendar time. 

This is of vital importance, and its effects are far-reaching 
in an industrial concern; indeed, its importance will be accen- 
tuated by future developments in the industrial world. To meet 
the exigencies of the future years, the keen competition abroad 
and at home, the demands of labour and high taxation, it will 
be an imperative condition that every operation and custom of 
industrial activity is subjected to a searching analysis in order that 
waste is avoided and capital wealth is utilised to the utmost limit, 
and is not allowed to be idle for two-thirds of its productive time. 

In .other words, if, as we have seen, the same result can be 
obtained or profits made, with one-third of the capital sum ex- 
pended upon productive units, and this result can be accomplished 
(as it must of necessity be) in the same time—then beyond all 
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doubt it has established a claim for the serious consideration of 
industrialists, and challenges thought as to the enormous amount 
of invested capital which is yearly wasted by our industrial 
organisation. Machine tools are invested capital, and are only a 
useful investment while in operation. Idle machine-hours are a 
tax upon working hours. These are the hard concrete facts with 
which we have to deal. 
. To instance the scope and far-reaching effects exerted by 
machine production capital as represented in hours operated, it 
| must be remembered that rent, rates, taxes, and all such ‘‘ over- 
head ’’ charges are cut down proportionately ; in fact, this condi- 
tion applies to all charges outside direct running costs. Also to 
the size and upkeep of factory. 

We have seen that in the original first estimate of the proposed 
industrial activity, a certain fixed sum is allocated as profit per 
unit of product. Thus it will be seen that the accomplishment 
of this by the smallest possible invested capital, pays the highest 
possible percentage of dividend. ‘This points to the fact that to 
be successful this fixed sum of profit per unit must be met by 
organisation which is the fundamental function of a factory. A 
condition upon which all industry rests is the capability of keep- 
ing this sum at or above this pre-determined level. 

Again, assuming the life of a machine tool to be twelve thousand 
hours, which is equal to five years’ continuous work at forty-eight 
hours per week, at the end of this period such a machine should 
have paid its own running expenses, f/us its quota of profit, and 
replaced in the capital its own depreciation value. 

Allowing that the machine has no further life, the depreciation 
should have been such as to have written off the whole equivalent 
value of the machine. By working the three-shift day the machine- 
hour life of the productive unit is condensed into a period of 
calendar time of one-third the length ; thus, instead of a machine 
lasting five years it would be out of commission at the end of, say, 
one year and eight months. This means that depreciation can be 

charged at three times the rate over a period of calendar time and 
the whole machine equipment replaced in one-third the time, thus 
keeping well abreast of machine tool development. 
It would seem as if the accepted method of charging deprecia- 
, tion at so much percentage per year is very seriously open to 
question. The true depreciation of a machine tool can only be 
determined by a consideration of the time spent in actual service 
, or machine-hours worked, suitable allowance being made for such 
possible conditions as being superseded in design, and general 
prices ruling in the market. 
To establish depreciation upon a yearly basis without reference 
to service is surely a false figure, for it will be obvious that one 
machine may have accomplished twice the number of working 
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hours as another one, and still be rated as high. ‘To this end, 
and to give readily accessible information, the idle machine-hour 
record is indispensable. 

In writing upon this side of factory administration I am quite 
conscious that the subject is capable of very extensive and detailed 
treatment. I have confined myself more or less to the funda- 
mental facts and realise there are many other contributory factors. 
If we are to continue to adopt short hours of labour, and in the 
future these may possibly be still shorter, then we cannot continue 
to allow capital, in the form of expensive machine tools, to lie 
idle two-thirds of its time. Much less can we afford to spend 
capital in machine repairs when the time is long overdue for rele- 
gation to the scrap-yard and the repairs account is far more than 
the earning value. 

It is sometimés argued that a deterioration in effort must be 
expected in abnormal working hours, but experience proves that 
the abnormal can become the normal ; at all events, the drivers of 
our main line express locomotives can hardly be said to be ineffi- 
cient on night duty. 

The workers cannot possibly obtain high wages or short hours 
of labour without the total elimination of capital waste. 

Machine shops and machine operations have been brought up 
to a very high standard of efficiency in actual operation hours. 
My object is to focus more attention to the non-operating hours, 
believing that one is just as vital as the other, and must be entered 
in all calculations of production efficiency and cost. 

I suggest we are suffering from, and are too much bound by, 
traditional practice—the forces of nature operate twenty-four hours 
a day. We, as production engineers, are simply engaged in harness- 
ing those forces to the needs of society. 

The machine equipment of a modern factory is a highly de- 
veloped piece of mechanism, and one of the most costly items in 
transmitting the earth’s raw material into necessities of mankind. 

Each operating machine-hour is potential wealth, and we waste 
the greater part. 

It does not seem right that we aim at a 100% efficiency for 
one-third of the time and are content with zero for two-thirds. It 
is my firm belief, which I submit is supported by the trend of 
events, that the future will make such demands upon the engineer 
that the forces he is able to call into play will never be idle. 

There are no short cuts to the creation of wealth. High wages 
and short hours can only be obtained as the result of the elimina- 
tion of capital waste. Amateur reformers and professional politi- 
cians may talk, but the men who only can make life fuller and 
richer are those whose lives are spent in extracting from the forces 
of nature the utmost wealth with the minimum of waste. 

We, as engineers, are going to be called upon more so than any 
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other profession to solve the problems of human needs. The 
business of any investigator or organiser, in whatever form his 
activities are directed, is to plot a safe chart upon the unknown 
seas of human advancement. In the vast and intricate machinery 
of human relationship our progress may be slow; it is essentially 
certain to be gradual. 

We have to be bold enough to project into much that is unknown 
and untried, but we can take heart in the truth that our scientific 
accomplishments have been so built up. 


The Trend of Modern Organisation. 


Signs are not wanting that a reaction has set in against the 
elaborate systems of organisation which have been a feature of so 
many highly organised factories in this country. 

As the result of influences alien to British practice there grew 
up a school of industrial organisers whose aim was to so tabulate 
work movement and account by documentary evidence for every 
item of work progression and non-progression, which in turn gave 
rise to an army of officials necessary to issue, collect, and tabulate 
such evidence, that indeed in some factories it became a question 
as to who was the most important—the man who did the job, or 
the man who recorded it. Nay! so badly had British industry 
become affected by the virus of the so-called scientific organiser, 
that doing the job was of secondary importance to that of issuing 
documents to prove it—and, in short, the progress man carried 
more prestige than the shop foreman. 

I believe we shall, in the near future, realise that the presence 
of an army of unproductive officials engaged in the duty of 
** chasing up ”’ other officials, is evidence of faulty organisation. 

Much the same as we shall view advertisements for supervisors 
who are required to be ‘‘ good disciplinarians.’’ If a factory is 
organised for the production of certain articles along lines which 
embody the true fundamental principles of organisation—then 
disciplined progression of work and the knowledge of such pro- 
gression are the natural and, indeed, the inevitable result. 

I believe we, as organisers of industrial operations, have to rid 
our minds of much that of late years has been foisted upon us as 
a clever organisation. 

I believe we shall be compelled to recognise that the principles 
of organisation are fundamentally the same as the principles of 
mechanical motion—the simplest is the cleverest—and that compli 
cation of motion is detrimental and wrong in principle. 

To state it as a proposition, the problem before the organiser is - 
given a product to be manufactured and distributed, what is the 
irreducible minimum of human labour required for its production 
and distribution? The science of working in metals has been 
brought to a very high state of exactness, but this I am not so 
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much concerned about here. I would direct your attention to 
those factors which are concerned with the general administration. 
Too often is found a condition which leads one to think that the 
guiding principle has been ‘‘ how much work can be made ”’ 
instead of ‘‘ how much work can be eliminated.”’ 

Every printed form put into a factory requires labour for its 
manipulation. Every man employed to watch the mistakes of 
others, or to bring to light evidences of weakness in the chain 
of productive progress, every record to establish evidential proof 
of work movement—all these things are a direct tax upon pro- 
duction effort, and are only necessary as the result of faulty 
administration. 

An army of progress men—divided and sub-divided according 
to their status—the existence of official documents in various 
forms may look and sound imposing, but viewed in the light of 
organised productive effort, these things are, in truth, an unneces- 
sary tax upon production for which the customer ultimately pays. 

I submit that factory organisation can only be said to be 
efficient when it is of such a nature that it assumes the character 
of a single productive body, the members of which—by the very 
nature of their working principles—naturally exercise their func- 
tions in their appointed place and with the necessary unison of 
motion. Once a man takes his place in a factory, the organi- 
sation should be such that disciplined effort is a compelling 
influence exerted by the forces operating round him. His work- 
ing hours are merely a time during which he finds his actions 
controlled, not by individuals, but by the compelling factors of 
an organised effort of which he is a unit. 

Traditional practice surrounds much of our administrative 
methods, and probably none so marked as in the systems employed 
for the purpose of allocating work and material to their pur- 
pose, and keeping records and costs associated with this operation. 

There may be differences of detail, but invariably will the same 
principle be found employed. In most British factories an enor- 
mous amount of clerical and other labour is expended in the 
task of making out requisitions to send work and material to 
the stores, and again repeating the process in drawing the same 
work and material from the stores, and again, often enough a 
paper transaction of some kind is required from the department 
securing the goods from stock. In the stores themselves a large 
number of people are engaged in checking, docketing and re- 
issuing to the departments according to the various requirements. 

In some shops this obtains to such a marked degree that it 
would seem as if a piece of work or material is not capable of 
being moved without authority in the shape of some sort of 
‘‘order form.’’ In many factories the practice is to ‘‘ draw’”’ 
from stores, upon a requisition form, the raw material, and to 
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return all manufactured components to ‘‘ stock,’’ and then to 
draw from this ‘‘ stock’’ for the purpose of completing the 
finished product, which again is turned into ‘‘stock.’’ This, 
briefly, is an outline of the usual method of ‘‘ routing’’ the 
product, but often this is increased and multiplied, and to anybody 
engaged in internal factory organisation it is stating the obvious 
to say that immense sums of money are yearly sunk for no other 
purpose than to know what amount of material and stock is 
in the factory, and prove its correct allocation. In some shops 
this slavish adherence to paper records is taken to such an extent 
that one official cannot presumably be trusted to receive material] 
and work from another, and so we find another transaction on 
paper is required—from Bill Blank so much material. As these 
records are of no use unless they are in turn filed and recorded, 
we arrive at the point when the fundamentally simple matter 
of passing work through its various stages requires a_ large 
staff of clerks, storekeepers, and labourers to keep track of it. 

Once the work is on the machines, lost production time is 
rigidly eliminated, but rarely is the administrative cost of routing 
through the shops subjected to a searching analysis. 

Again, in the system of ‘‘ manufacturing for stock ’’ the danger 
of accumulating ‘‘ dead stock ’’ is proverbially great. By ‘‘ dead 
stock ’’ is meant the amount of material and parts which is held 
in stores, surplus to the requirements of the order book or sales 
effected. This question of stock is one which will loom large 
in future administration. The bitter lesson of these last few 
years will, it is hoped, bring home the necessity of directing 
a searching investigation into our common methods of stock- 
keeping. Unfortunately, tradition and common usage in many 
cases increase the difficulty of taking a detached survey of the 
problem, but where this can be overcome and the mind brought 
into focus uninfluenced by custom, then there seems reasonable 
hope that reforms can be introduced which results will more than 
justify. 

I consider this question of ‘‘ stock ’’ of vital importance to 
production engineers. It is just as essential to avoid idle capita! 
in the stores as it is in the machine shop. 

One of the chief causes of idle ‘‘ stock’’ is the traditional 
idea of manufacturing for ‘‘stock’’ instead of manufacturing 
for sale. Primarily a factory is engaged in making an article 
for which there is a reasonable certainty of sale, and to lay aside 
valuable ‘‘ stock ’’ is not only interrupting work flow, but also 
requires additional expense in looking after it. 

I suggest that future organisers will smile when they think 
of the vast places and the complex organisation of many of the 
‘* store ’’ departments of our factories where thousands of pounds’ 
worth of material lies idle against the time it may be required. 
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1 have no doubt that future organisation will practically elimi- 
nate ‘‘ stores stock’’ from factory production. My own experi- 
ence more and more hardens the conviction that with proper 
organisation go per cent. of ‘‘ stores stock ’’ can be eliminated. 

This leads us to the proposition that manufacture has got 
to be based upon ‘“‘ sales,’’ and the factory as a unit must be 
able to accommodate itself to fluctuations. This, of course, is 
not easy, and I am afraid this statement will immediately give 
rise to many spirited objections, but consider, what is different ! 
Instead of a continuous straight line of production ending in a 
stock reservoir of idle capital, and a long stoppage of supply 
until the reservoir is again empty, we have a line fluctuating with 
the sales demand, and thus avoiding the idle capital reservoir 
we call ‘‘ stores stock.”’ 

All we have done is to manufacture only what we really have 
the right to make—that which is required for service. 

This, I am perfectly aware, is more difficult in some factories 
than others, but I am also convinced by experience that great 
possibilities are contained in the method if it is explored free 
from the incubus of custom and approached from the fundamental 
principles which*govern sound administration. 

My experience has been that to obtain success in industrial 
management, it is useless to seek a ‘‘ royal road ’’—there is none 
—neither is there any success in slavishly following the rules 
and formule set down in the many publications devoted to the 
science of management; and still further it is fatal to success 
to attempt to transplant in its entirety a system of management 
into your works because of its apparent success in another. 

There can be no single system of organisation or methods 
equally applicable to all industries and to all shop conditions. 
Adequate management as applied to an industrial shop cannot 
be found like a ready-made suit of clothes, but must be worked 
out to apply to various industrial needs, and there is no moiety 
of doubt that much of the misunderstanding and opposition 
engendered towards what is known as scientific management is 
directly traceable to enthusiastic imitators of Mr. Taylor apply- 
ing his theories and methods, without due discrimination, to 
all sorts of industries and under all sorts of conditions. 

Each workshop, each trade, even each district, has conditions so 
peculiar to itself, and forms unto itself such an entirely separate 
entity, as to make the transplanting of a system from one factory 
to another a very hazardous undertaking. 

Thus, I do not say copy this, that, or the other, because it is an 
existing success and proved as such. Each factory has its individu- 
ality ; no two factories are alike. I know the severely practical, 
hard-headed man will find this difficult to understand, but it is 
truc. You can have precisely the same product manufactured 
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in a North of England works as is being made in a factory situ- 
ated in the West—you can have these two factories under the same 
control—but do not imagine they are the same. Remember, even 
climatic and geographical situation give a totally different indus- 
trial condition, and the student of industrial problems recognises 
that this, in turn, plays a large part in what is known as industrial 
psychology—a factor which is never lost sight of by any intelli- 
gent manager. 

This takes us a step further to a consideration of how to apply 
knowledge and experience of others in the realm of industrial 
management. 

Having carefully studied a successful system or method of 
management, not as it appears on the surface, but in just those 
factors which make it successful : the particular product itself and 
its relation to the system of production and ¢ontrol demands care- 
ful and painstaking analysis—the type of labour required, the 
standard of education obtaining generally in the district, work- 
shop and local traditions, the situation of the works and its relation 
in this respect to other factories and industries in the vicinity, and 
the attitude and relations which exist between the labour and em- 
ploying interests—all these and other factors must be thoroughly 
explored and completely grasped before any decision is made as to 
the adoption in one factory of methods and systems which are 
successful in another 

Having explained this necessary precaution, it should be as 
clearly understood that only by constant comparison and incessant 
research (not only what one may be doing themselves, but also 
what others are doing) is a manager of a factory enabled to keep 
pace with the onward progress of the science of production. 

Outside the material science of actual production each decade 
has its own problems of management; things change rapidly in 
the realm of human thought, and the man in control of large 
numbers of other men has to-day problems not thought of a few 
years ago, and so in addition to his practical knowledge of material 
production he has to keep well equipped mentally in those currents 
of thought which change the problems of yesterday for those of 
to-day. 

Keeping those things in mind, however, there are certain funda- 
mental factors which I believe will form the basis of future factory 
administration. | Manufacturing for stock will be replaced by 
manufacturing for sales. 

Work put into the factory will bear a mathematical relation to 
customers’ requirements within defined limits required for unfore- 
seen contingencies. 

Departmental production will be planned over a given period 
and departments synchronised. Efficient planning will eliminate 
the progress man. Work will flow from raw material to the 
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finished product without the requirements of paper forms and such 
records as require clerical departments to control. 

The year’s work will be divided into thirteen periods of four 
weeks each—all records and data from wages payment to cost 
accounts will synchronise, and by this means not only comparisons 
are established, but estimates of work in progress are readily 
obtained. 

All stocks above that required for production insurance is at the 
best a gamble with the unknown and a waste of productive capital. 

Industrial Supervisors.—British industrial life is marked by a 
change which is gradually, almost imperceptibly, but surely, chang- 
ing the old order of things in the realms of supervision, and no 
change should be more welcome in its potential benefit to industry. 

Industrial supervision has more or less been left to the sport of 
chance and its tremendous importance in the scheme of things 
almost unrealised. Of all the industrial legislation and develop- 
ment which has taken place of late years, industrial supervisors as 
a class have been almost entirely neglected, and almost without 
exception this class of industrialists have been sadly overlooked 
and their importance and value neglected. Amongst the new 
school of industrial thought, the fact is recognised that in the 
hands of the men sometimes referred to as the ‘‘ middle manage- 
ment ”’ the destiny of industry in this country largely rests. They 
are the factor which helps to mould industrial thought, and only 
men specially gifted and trained for this important work should 
be allowed control of other men. 

Do we realise what a power could be wielded if the men who 
direct the work of others had made a study of human psychology 
and political economy, had made themselves acquainted with our 
industrial history, kept themselves well informed with regard to 
forces and influences that were acting upon the proletariat? There 
is no doubt that if they had done this they would have changed the 
current of industrial thought. We of this generation have to 
shoulder troubles which, had we succeeded a more enlightened age, 
we never should have known to anything like the extent we are 
now conscious of. Unfortunately, this fact is not yet recognised 
to the extent its potency demands. Especially is this so in large 
corporations where the personal factor is absent, and it is a well- 
known fact amongst industrial reformers that many of our large 
manufactories are breeding-grounds of discontent. I suggest that 
it is now almost imperative to anyone directing labour in any 
capacity that they should be well informed and widely read in all 
that appertains to industrial problems. They must be so equipped 
as to understand the strange union of contraries in the same per- 
sonality and fully understand the necessity of not only studying 
the workman himself, but of taking a survey of the age in which 
he lives and making himself acquainted with the forces that are 
playing upon the consciousness of mankind. 
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I would, with all the emphasis at my command, make this point 
clear, that anything, whether a material condition or the more 
baffling thing of human thought wrongly directed, wherever and in 
whatsoever shape or form it is expressed, if it is in any way in- 
jurious to the success and prosperity of the industry, supervisors 
ought to be so equipped that they are capable of, and possess the 
ability to show, those working under their direction any mistake. 

To anyone who cares to think, it must be obvious that the future 
will make demands on the lines I have indicated. The spread of 
education, the evolution of thought, the constant change that is 
a fundamental law in the life of nations, and the awakening con- 
sciousness of the mass of people, will soon bring about a condition 
when the man in the shop will be the economic teacher to the man 
who controls his work. Of no avail hoping for the conditions of 
pre-war time—they belong to history—and worse than useless is it 
to hope fondly that some particular colour of political party will 
by some magic means remove the universal unrest. The govern- 
ment, after all, is the expression of the combined thought of each 
individual. 

It is thus no longer to age-long custom, or to traditional con- 
sciousness, that reference must be had for ascertaining and deter- 
mining a sound industrial organisation. Far rather is it to a 
recognition that time and circumstance are calling for a shedding 
of the many false ideas associated with organised industrial activity, 
and the adaptation of broad, vigorous, enlightened industrial 
statesmanship. 

The review is thus becoming far more national than sectional, 
and still more ethical than either. Competition has in the past 
been primarily between employer and employer, or between one 
corporation and another, but gradually and surely the fight for 
trade is expanding in such a world-wide manner, and it has now 
assumed such a character, that it has become a battle between the 
nations of the world. It is no longer a question for an individual 
employer as to whether or not he is so organised as to meet this 
individual competition, as to whether or not British industry is 
organised sufficiently to meet the competition of the American, 
German, or any other foreign industrial population, and in spite 
of all the oratory poured out by the so-called idealists who mis- 
lead the British workmen, we have the terribly hard, cold facts to 
face and to recognise that the same spirit of individual desire to 
succeed, implanted in all men, has to be collectively applied to the 
natural advancement of industry. ; 

The whole of the industrial part of the nation’s life has to be 
welded together for one common purpose of advancement. It will 
be fatal to my hearers’ harmony of thought with my own unless 
the pitfall is avoided of bringing into the question the many details 
which may be important enough in their own particular setting, 
but when considered ir relation to a broad scheme of industrial 
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organisation can safely be left, otherwise they only serve to blur 
the larger vision which is so essential for our future industrial 
development, and unless this larger outlook is kept constantly 
uppermost he will entirely misunderstand tthe general argument. 

It becomes necessary, therefore, to consider British industry, 
not as a number of units each separated by craft usage, each 
having their separate organisations for attack and defence, and too 
often exercising a power for widespread suffering, over the whole 
country, having only regard for their own sectional interest, but 
to reach out to the larger fundamental fact that we, as an indus- 
trial nation, have to organise our forces of production in such a 
manner as to present to the world a national industrial organisation. 
All wars are not conducted with uniformed combatants, and medals 
are not always struck for the survivors—but whether we will or 
not, the warfare goes on unceasingly, and the rewards go as sure 
as fate to the best organised country, and just as sure does dis- 
organisation spell ruin. 

Here and there we can see a striving after a cohesion of forces 
in our industrial life, but at present no definite policy of indus- 
trial organisation has appeared, and I appeal to all to step outside 
traditional craft usage or class conscious habit of approach to 
industrial problems and strive for a complete unifying organisation 
of British industry. Our policy should be the organising of our 
industries to face the world—could we but sink cur sectional bitter- 
ness and our class distinction, and, whilst retaining our trade or 
craft individuality, recognise the duty we, as industrialists, owe to 
the body politic, and that Britain is on her trial industrially. Could 
we accomplish this and organise our productivity, we should then 
do more to abolish unemployment and poverty than al! the vapour- 
ings of the inflammatory orators who make nothing but unrest. 
Our policy, then, is to capture, in national industrial fight for 
existence, the same national spirit that found its highest expression 
during the fateful years just passed. The cases are the same— 
the need hardly less pressing. 

We have to get hold and grip the cold fact that industrial history 
is marked by changing epochs, which in their day changed the 
social order of the country; right down through history can be 
traced the changes which periodically have taken a step upwards in 
the evolution of civilisation, and there is every reason to hope that 
the change we are now, I believe, in the throes of, will take our 
race another step forward along the road of progress, if we will 
but realise the truths to be found in the unbiased contemplation 
of the march of human accomplishment. The main demands are 
for a frank recognition of the trend of events and for some method 
of putting the industrial life of this country upon the stabilised 
basis of control, representing the combined wisdom of all engaged 
therein. 
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The development of such a method will, of course, take time, 
and can only be brought about by industrialists themselves making 
a thorough study concerning the true character of our present-day 
chaotic, wasteful, and pitifully inadequate preparations for the 
years that lie ahead ; concerning the real character, intelligence, 
and spirit of those engaged in its application; the qualities and 
qualifications required by the highest standard for the exercise of 
power and responsibility, and the progressive education of all 
classes of industrialists as to the needs and requirements of the 
situation. 

The problem narrowed down and lifted out of sectional bitter- 
ness is—given an industrial population, gifted in the arts and crafts 
of manufacture, having for their heritage a long line of discoverers, 
inventors, and pioneers, a people industrious, essentially peaceful 
of disposition, possessing a genius for organisation, which is the 
envy of all other people, having in their hands the potential power 
of untold creative possibilities—to discover and put into practice 
the best means of utilising those gifts and possibilities for the 
advancement, security, comfort, and happiness of the whole; to 
establish such a system of control as to give full play to individual 
freedom in the progressive science of productive industry ; to secure, 
by all means known to science, a full share of the world’s trade ; 
to eliminate waste from industry, and by calm, considered judg- 
ment to establish such laws and enactments as will preserve indus- 
trial life and efficiency at their highest manifestation. 

The future is uncertain and in many ways dark; indeed, the 
most hopeful of us cannot but now be in various ways apprehensive. 
For this, at least, we all know too well, that the epoch through 
which we are now passing is fraught with consequences without 
parallel in our industrial history. Every period of great excite- 
ment and upheaval in society in modern times has its notable 
recorder, sometimes long after date; let us hope it will not be 
recorded against those known as directing agents of industry that 
they failed to appreciate the osychological aspect of the forces 
they controlled. 
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THE DISCUSSION. 


Mr. A. Butter (Member of Council), in opening the discussion, stated 
that there were but few points in Mr. Easthope’s paper with which he 
disagreed. He would like, however, to hear further from Mr. Easthope 
as to how he would propose to organise a factory engaged on a three-shift 
system. It was, of course, obvious that if machine tools could be run 
for 24 hours per day that the output obtained would be three times as 
much as when they were only employed for 8 hours per day. Generally 
speaking, however, he had found out that the difficulties encountered when 
running two shifts were quite formidable, and the inevitable overlapping 
amongst departmental heads caused a considerable amount of inconveni- 
ence. Mr. Butler suggested that it was a common opinion that a night 
shift was never quite as efficient as a day shift, and he believed that 
suggestions of this nature were due, more or less, to petty jealousy 
between the various departmental heads, but he still thought it was very 
difficult efficiently to operate three shifts per day. 

Mr. Easthope had suggested that the life of a machine was roughly 
five years, and he would like to know whether that period was based on 
actual practice, or whether it was merely a figure put forward for the 
sake of argument. His own opinion was that, in the case of an auto- 
matic, this period was much too long, but for the majority of ordinary 
machines, such as centre lathes or millers, it was not long enough. 
Referring to the author’s remarks on scientific management, he agreed 
on many points, and, inasmuch as the progress department was con- 
cerned, he certainly did. The organisation of a good many firms was such 
that it sometimes made one wonder whether, when all the necessary papers 
and forms had been filled up, there was any time left for real productive 
work. On the other hand, he considered that a certain amount of paper 
work was essential, and always would be, because if a piece-work or bonus 
system were in operation, some definite records were necessary. He (Mr. 
Butler) thought that merely as a means of checking the amount of work 
done it was frequently desirable to pass the components into stores when 
transferring them from one department to another, and also to bridge the 
day or two’s delay which necessarily occurs before the components would 
be used in the assembly section. It would seem that the elimination of 
the necessity for the storage of machine components awaiting assembly 
was easier to accomplish when engaged in the production of heavier work 
than it was in connection with the manufacture of relatively small units. 
In his concluding remarks Mr. Butler expressed the indebtedness of the 
Institution to Mr. Easthope for his particularly interesting paper. 

Replying to Mr. Butler’s remarks, Mr. Eastuope stated that the period 
he had mentioned regarding the life of a machine tool was purely 
imaginary. Regarding the necessity of checking work which passed from 
one operator to another, that was one point with regard to which he 
particularly wished to impress the meeting. He considered, although he 
said so in all humility and did not wish to be at all dogmatic, that the 
idea of thinking that because a man was a machine operator that he was 
incapable of trust was entirely wrong. If it were possible for a man in 
this position to rob the firm by false declarations, the organisation was 
wrong, and if it were possible for an operator to pass along three com- 
ponents when he should have sent six, once again the organisation was 
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wrong, because the next consecutive step in the sequence of operations 
should discover the error. 

In his opinion it was emphatically unnecessary to have a paper organisa- 
tion. If, for instance, a factory had to make 400 articles, the material 
from which to make them was issued, and the necessary components to 
construct the 400 articles were in due course produced, after allowing for 
scrap, faulty material, and various other contingencies, the fundamental 
fact, however, had to be grasped that if the material for 400 articles were 
issued to the machine shop, the total of 400 should come out, and that 
to ensure this result it was entirely unnecessary to take the machined 
parts at any time to the stores. The mere fact that they had to produce 
so many finished articles from so much raw material constituted a check, 
and in his opinion the only check that was required from beginning to 
end. This statement might be considered as being idealistic, and some 
of the audience might suggest that this procedure was only possible in 
Mr. Henry Ford's factory, and the author stated that he must acknowledge 
his indebtedness to Mr. Ford for having taught him a great deal. One 
of the fundamental ideas governing factory administration was that if 
they put something in one end they should obtain definite results at the 
other. The factory should be considered as one productive unit, and not 
as a number of units each working independently of the remainder. For 
example, he considered that his machine shop foreman was just as much 
concerned in the production of a finished engine as was the erecting shop 
foreman, and also that he was equally responsible. That is to say, the 
whole factory comprised one organising unit from the start to the finish, 
and not an aggregation of departments each concerned with its own par- 
ticular sphere,. and no more. He could not accept the suggestion that 
procedure of this nature was easier to carry out in connection with the 
construction of heavier classes of work than was the case when a factory 
was engaged in the manufacture of small components. In fact, his 
experience had been almost the opposite. The main principles underlying 
the manufacture of oil engines are identical with those in connection 
with the production of typewriters or other similar mechanisms, but he 
(Mr. Easthope) was absolutely opposed to the old and erroneous idea of 
manufacturing for stock. The first thing to grasp was that the main 
reason a factory is constructed is to manufacture something for sale, and 
he had found that it was often due to the establishment of component 
stores that a machine shop foreman thought that if he could only pile up 
a number of articles in the stores that he was consolidating his position 
and improving his efficiency. The lecturer said that he wished to impress 
on his audience that the piling up of articles in the stores represented 
wasted capital, and that factories should be only engaged in producing 
those articles which they had a reasonable chance of selling at a profit. He 
commended that important principle to the Institution very seriously, for 
he believed that it was distinct from usual practice, and he would like to 
express the belief that if they studied the organisation from that point of 
view they would find much in it that was of considerable value. He was 
speaking from personal experience, having established a system of manu- 
facture for sale and not for stock. The idea used to prevail that a thousand 
of one part and perhaps fifteen hundred of another should be kept in stock 
so that a free work flow could be established, and the chances of break- 
down few. Certainly under these circumstances production did not break 
down, but ofttimes finance did, and the experiences of the last few years 
should have taught us a very drastic lesson of the danger of carrying 
large stocks over those required for sales. 

Regarding the three-shift system, Mr. Easthope pointed out that he 
was dealing mainly with idle capital, and he asked the meeting to keep 
that proposition foremost in their minds. Was it right that we should 
aim at 100 per cent, efficiency for one-third of the day and be content 
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to remain at zero for the other two-thirds? It was quite a simple 
proposition; a certain amount of money is spent on a machine tool 
which is capable of a certain maximum production ensuring the return 
of the capital within a given time. Obviously, the more machine hours 
that we obtain from that machine tool in the shortest possible time 
the quicker the return of the capital. The longer the machine was idle 
the longer the capital put in the machine was idle. When machines 
were employed for twenty-four hours per day the efficiency was as near 
100 per cent. as possible, and, whilst there might be the expense of 
running costs and supervision, surely no one would suggest that 
these amounts would bear comparison with the immense saving of capital 
invested. He, the author, did not see any reason at all why the efficient 
organisation should not be obtainable in connection with the twenty- 
four hour day, in exactly the same manner as obtained with an ordinary 
eight-hour day. 

Mr. A. ButTLer said he would like a few further comments from the 
author in connection with the manner of carrying stocks. In this 
respect he was not particularly concerned with whether the articles being 
produced were to be made for stock or for sale. He entirely appreciated 
Mr. Easthope’s theory, but he could not foresee how to get over the 
difficulties with regard to a machine shop comprising a number of mixed 
classes of machines. For example, a modern automatic would produce 
considerably more screws of one particular type in a few days than would 
be wanted for assembly purposes in twelve months, and surely it would 
be more economical to set up for a week or a month’s supply of these 
components, for, if the machine were set up to run off a considerable 
batch of small parts, possibly six or twelve months’ supply, and these 
components were not placed in the stores, they would have to be kept 
in hand in some convenient location, and this consideration applied to a 
large percentage of the components in many shops. 

A further consideration was that it was difficult to feed the right 
amount of raw material into stock or into the factory to deal with the 
finished product at the other end. Special alloys and other requirements 
of a like nature were sometimes difficult to obtain at short notice, and 
in cases such as these he considered that it was advisable to carry a 
fairly heavy stock, so that the material would be on hand when required. 

Mr. Eastuore, replying to Mr, Butler’s remarks, said that some very 
interesting points had been raised, and, in order to give a clear explana- 
tion of how to eliminate the necessity of keeping special articles in stock 
and of manufacturing large quantities of small parts on an automatic, he 
would need to give another lecture, for, without a real exposition of a 
system of manufacture for sales and not for stock, he could only give 
half an explanation. He could, however, definitely state that precisely 
the same difficulties which Mr. Butler had enumerated had been eliminated 
in his own factory. At the Petter Works they were manufacturing forty 
different types of engines with variations of those types to suit the require- 
ments of various customers, and a system of administration based on 
the principles that he had put forward was successfully being operated. 

Mr. Locker mentioned that numerous factories in America appeared 
to rely to a considerable extent on what might be termed ‘‘ paper systems,”’ 
and that these factories provided very serious competition to numbers 
of our own establishments. He considered that the proof of the value 
of systems of this nature lay in the marvellous results that had been 
achieved by their aid in America. He, however, entirely agreed with 
the author that, generally speaking, there were too many forms to be 
dealt with in the average factory, but he still thought that some form 
of record was very often necessary. 

Mr. Eastuope, in replying, said that the whole subject created a vast 
field of enquiry regarding American systems. He had no personal objections 
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to a system because it was of American origin, but he did feel from 
an English organiser’s point of view, that a great deal of harm had 
been done to British industry through our factories importing systems 
of American administration before fully considering them to see if they 
would be successful when applied over here, for what might be successful 
in America certainly need not necessarily afford gratifying results in this 
country. In the course of his own personal experience he had seen 
American systems break down hopelessly when employed in England, 
but he realised at the same time that these methods contained some of 
the finest ideas it was possible to imagine. He particularly wished to 
emphasise the danger of transplanting an entire system from one factory 
to another on the assumption that because it was 
factory it must be in another. 

When raw materials came into the works it was certainly necessary 
to know what was being bought both as regards quantity and quality; 
when once the material has arrived in the factory it is only necessary 
to check the fact that so many finished engines or units are made from 
this material. In this respect it seems quite unnecessary work to 
have to put these parts into stores, where the storekeeper records them, 
puts them into bins, and checks them to remove the parts again when 
someone has made a requisition—and the rest of the procedure. 
he thought it was an entire waste of time. 

Regarding paper systems generally, although he had not been to America, 
he thought there was just as much diversion of opinion on this question 
as in England. 


successful in one 


In fact, 


Mr. Kenwortny said that he agreed with the author that many pro- 
gress systems were far too complicated, but he doubted if paper trans- 
actions could be entirely eliminated. It was, of course, necessary to have 
some kind of operation sheet to specify the methods by which the parts 
should be made, and, generally speaking, it was necessary for a shop order 
or some equivalent to accompany the parts being issued to the machine 
shop. In connection with this work, he considered that the progress 
department was to some extent essential. One feature that he deemed 
absolutely necessary was an organisation for replacing spare parts, and 
also for allowing parts being scrapped during processes of manufacture. 
There was one aspect of the case put forward by Mr. Easthope which 
had not yet been dealt with, in what certainly must be an admirable 
system which would render unnecessary the great majority of paper trans- 
actions, but he did not see how Mr, Easthope intended capital costs could 
be obtained. 

Replying to the speaker, Mr. EAstuope said that he was rather in a 
quandary. The last portion of his paper had dealt with the trend of 
modern organisation, and the arguments that he had advanced with regard 
to the question of stockkeeping and stores had prompted a number of 
questions which could only be answered by describing in detail his system 
of organisation, in which the year was divided into thirteen four-weekly 
periods. If he had time to outline this system thoroughly from the point 
at which the probable amount of sales was determined, and then to 
proceed, by a very careful analysis of all the varying features, to discuss 
the means by which it was determined what work could be put into 
the factory for the following four weeks, it was possible to explain all 
the points that had been raised. He was afraid, however, that time 
would net permit of this course being adopted. Mr. Easthope said that 
he spoke of stock, and he was not thinking of spare parts which it 
was necessary to hold in hand to be sent out to customers on _ replace- 
ment, but only the stock necessary for purely manufacturing purposes. 

Mr. T. Sykes, Member of Council and Chairman of the Coventry Local 
Section, said that a point in Mr. Easthope’s paper which had attracted 
his attention was that referring to loss of time in the machine shop owing 
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to the necessity of machines undergoing repairs. This could not, of 
course, be entirely eliminated, but the time could be reduced to a very con- 
siderable extent by arranging for the machines to be examined at inter- 
vals, so that they were not allowed to get in such a bad condition that 
it would take a fortnight or more to repair them. He considered that 
interrupted work flow or material shortage was entirely due to bad 
management, and he agreed with the author that in any works manufac- 
turing entirely for public requirements large amounts of stock should not 
be carried. Regarding lack of special equipment or tools, he also con- 
sidered that this feature was also due to bad management, attributable 
to various causes ; for example, insufficient time might be allocated by the 
directors for the manager or production engineer to make the necessary 
equipment. 

He was rather surprised that the author had not mentioned special 
purpose machines, for, assuming that 5,000 articles of a special nature 
had to be produced, and it was possible to obtain a special machine at a 
relatively low price which would make these 5,000 pieces by working 
only three months in the year, he considered that it would prove a com- 
mendable investment, even supposing the machine was idle the remaining 
nine months in the year. Regarding the absence of operators, he quite 
agreed with Mr. Easthope in having spare men in the shop who were 
normally employed on duties of an elastic kind, and he himself carried 
it to the extent of providing a spare foreman. In his own experience he 
had found that considerable loss of actual operating time could be avoided 
if smoking were allowed in the shops, and by this means he had obtained 
a 25 per cent. increase in output. He thought that the giving of a bonus 
for good time keeping was not to be commended. Generally speaking, he, 
Mr. Sykes, thought that Mr. Easthope’s recommendations would be much 
more easily carried out if they were adopted when organising a new works. 
If, however, one was placed in the unfortunate position of having a shop 
containing 600 or 700 machines, with work for only 300 or 400, matters 
were not quite so easy. Regarding the discarding of out-of-date machines, 
he considered that this was a very important matter, and that it was a 
point where American firms had considerable advantage over British com- 
petitors. In his opinion, if a machine had only given one year’s service, 
no matter whether it was worn out or not, and another machine was 
put on the market that would give increased production, the only possible 
thing to do was to purchase the new machine and discard the old one. 

Continuing, Mr. Sykes remarked that he thought that insufficient 
attention was paid to the important matter of operation lay-out, for he 
considered that in conjunction with the tool room the planning and tool 
design departments constituted the heart of the factory. In connection 
with the matter of night shifts, he did not agree that as efficient results 
could be obtained as was the case with day shifts. He still had to be 
converted to the view that labour was as efficient between the hours of 
10 p.m. and 4 a.m. as during the day. Recently he had discussed this 
matter with Dr. Miles, of the National Institute of Industrial Psychology, 
and he had said that between the hours mentioned output was always 
lower than during the day, and his own personal experience had been that 
there was always twice as much scrap produced on night shifts as on day 
shifts. With regard to the second portion of Mr. Easthope’s paper 
dealing with the trend of modern organisation, with this he entirely agreed. 

Mr, Eastnope, in replying, asked his hearers not to forget his main 
point. He was not arguing that the workers were going to be as efficient 
during certain hours of the night as during the day. He was simply 
illustrating the immense loss of capital resulting from idle machine hours. 
It might be thought that there was a drop in efficiency in the middle of the 
night, but in his opinion it was only because the conditions were abnormal, 
and his main point was that in the course of organisation, and in the 
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course of time, the abnormal could become the normal. It was certainly 
also a psychological problem, but the chief point that he wished to stress 
was the waste of capital. 

Mr. Easthope invited his audience to view a works as a capitalised 
concern, and if one were directing as a superintendent or manager a 
certain amount of capital and was engaged in realising the utmost amount 
of profit one must avoid idle capital hours. He was afraid that the dis- 
cussion was drifting into a consideration of a certain method of organisa- 
tion, and regarding the second portion of his paper, he had endeavoured 
to stimulate industrialists in a certain direction which he believed that 
ultimately they would be compelled to take. 

Tue CuairMan, Mr. G. Hales, Member of Council, said that he absolutely 
and entirely endorsed Mr. Easthope’s statements with regard to elaborate 
systems of organisation, and he was pleased to learn that a reaction had 
set in in this direction. He still believed, however, that there were 
numerous firms that could profit by Mr. Easthope’s advice. One firm 
of his acquaintance had a staff of progress clerks larger in number than 
any employed in the inspection department or tool room. A point that 
was of particular interest to him was that with regard to the three-shift 
system. As had been pointed out, when one could save rent, rates, taxes, 
insurance, etc., by this means, it certainly provided food for thought, but 
in his mind the difficulty of obtaining an equal amount of work over the 
three shifts in any shop was very considerable. Even in the best lighted 
shops there were numerous shadows to contend with, and night work 
involved certain difficulties in this connection. He, Mr. Hales, also con- 
sidered that numerous difficulties would arise with regard to the linking 
up of three shifts, especially assuming that there was a system of payment 
by results in operation, and further, there would be trouble with regard 
to the apportioning of scrap when one had to consider three different 
operators working on consecutive shifts. 

A matter raised by Mr. Easthope, that he considered of prominent 
importance, was that of manufacturing to fluctuating sales requirements. 
Perhaps he had not quite grasped exactly what Mr. Easthope meant with 
respect to this question. There were numerous products of which, say, 
only 100 were required in a year, or nominally 8 per month, with perhaps 
a seasonal trade. If one were working to a sales department programme, 
sanction would only be given for 8 parts in the four weeks period, there- 
fore it would be necessary to set up for the machining of 8 of these 
parts only, and it might be assumed that the final cost would be two or 
three times as high as would be the case if the whole of the year’s require- 
ments were made at once. Further, it is necessary to decide whether the 
interest on the money locked up for 12 months on the machined parts was 
more or less than that represented by the time saved by producing the 
whole of the parts in one job. It appeared to him that it was necessary 
to manufacture on the most economical lines, and that it was therefore 
necessary to take some sort of risk. 

In reply, Mr. Eastnope said that the whole matter was wrapped up 
in the system of administration, and, personally, he would not say for a 
moment that the directors of a firm should take responsibility and give the 
works such a programme. In his opinion production engineers were 
employed to manufacture stock which the organisation or management 
could sell, and the sales department and the works were one organisation. 
Assuming that the works were getting slack and that there were idle 
machines, we could make parts on automatics in batches of 10,000 at a 
time instead of 5,000, and so save time and lower production costs. These 
conditions would make matters easier for the works, but in his opinion 
in such a case the manager would not be fulfilling his obligations as 
manager, inasmuch as he was working to a set of conditions to make 
organisation easy but which was detrimental to the interests of the com- 
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pany. A firm did not comprise a machine shop, assembly shop, and so 
on, but a complete industrial organisation of which the works formed only 
a part. All the difficulties that had been mentioned during the discussion 
he had had to consider and deal with in his own works; they were every- 
day problems of management, and had to be taken into consideration in 
any scheme of organisation. If the members of the Institution cared to 
visit the Petter Works at any time, he would be very pleased to show 
them round and let them examine his organisation in detail. He did not 
claim anything phenomenal for his system, which was merely based on 
simple common sense. 

Mr. J. Bootn said that he had known Mr. Easthope as an engineer, 
organiser, and a writer, and that he was proud to be working under 
him. He recollected the time when in the organisation with which they 
were connected, over 60,000 requisitions were written per month, and at 
the present day they wrote nothing, yet now they were turning out four 
times as many engines and twice as many types as at that time, and 
they also had a very enviable reputation as regards spares. Orders for 
spares were coming into the factory at the rate of 275 per week, and they 
carried over from Saturday morning until Monday morning all orders that 
came in after 10.30 a.m. on Saturday. All orders that came in before 
that time were, however, despatched before noon on Saturday, so that 
it will be seen that Mr, Easthope’s system was sufficiently flexible. Some 
of the spares were required for engines which had been sent out of the 
factory twenty years ago, and at the same time the stock was so small 
that it was not of value in the factory balance-sheet. 

With regard to stocktaking, under Mr. Easthope’s system, instead of 
this being an annual matter, they recorded the value of the stock auto- 
matically every month, and the procedure simply comprised the comparison 
of one month’s figures with another. With regard to the work entailed 
in conjunction with this system, he believed he was right in saying that 
the supervisory staff of the works, for a given number of employees, was 
rather less than 50 per cent. of what it was prior to Mr. Easthope’s 
jurisdiction. 

A Visitor said that some ten years ago he had seen a system such as 
that described by Mr. Easthope in operation in the United States, and 
there was not an inspector or a progress man involved. If a number of 
parts that had been sent away from the works was less than the raw 
material that came in, obviously some were missing, but they were always 
found without reference to written records. The particular works he had 
in mind were making four-throw crankshafts, and whereas an English 
firm were taking 7o hours to complete each component, in America the 
parts were being made in 5 hours. 

Mr. A. T. Davey, Hon. Secretary, in proposing a vote of thanks to 
Mr. Easthope for his paper, said that he considered it was one of the 
most valuable that had ever been presented to the Institution. Recently he 
had been‘ enabled to spend two or three days at Mr. Easthope’s works, 
and he could assure the members of the Institution that the system really 
did work. As far as he could see there was not a progress man employed 
in the whole organisation, and there were only two paper forms in use 
in the works, these being operation sheets. 

With regard to the practicability of working three shifts, he certainly 
thought that it was possible, and he knew there were some firms who 
were finding this practice a paying proposition to-day. For example, the 
works of the Ford Motor Co., at Detroit, U.S.A., were operating a three- 
shift system, and he also believed that one motor car firm in Coventry 
was doing the same, as well as a well-known firm of ball-bearing manu- 
facturers in this country. As to the various potential difficulties that had 
been mentioned, he believed, as, for example, in the matter of lighting, 
these problems might appear more formidable at first sight than thev 
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really were. In his opinion, however, they were no greater than those 
met with in the ordinary course of management, and he saw no reason 
why they should not be overcome. He hoped that Mr. Easthope would 
outline his system or theory of organisation in a further paper to be read 
before the Institution, as he felt it would be very valuable. 

Mr. But Ler said that he was sure that all present had _ thoroughly 
appreciated Mr. Easthope’s paper. He was certain they were all satisfied 
with the points raised, which had given them cause for very considerable 
thought, and he had much pleasure in seconding the vote of thanks, which 
was carried with acclamation. 

Mr. EastuorE, replying to the vote of thanks, said how deeply he appre- 
ciated the attention given to him by the Institution. He looked upon it 
as a great privilege to address members of the engineering industry, and 
particularly members of an institution which represented an influence that 
had such a potential effect on the future of the industry. It was men such 
as themselves which influenced industrial thought, and if anything he 
had said had promoted thought, then his labours had been more than 
justified. 

In conclusion he said that if it were possible, and he thought it would 
he, he would be very pleased at some future date to read a further paper 
dealing with his system of administration. 
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COMMUNICATION. 


Sir,—Before making any controversial remarks on Mr. Easthope’s 
paper, one must pay tribute to the glowing sincerity he evinced 
whilst presenting it. At first one felt inclined to regard his sug- 
gestions, especially those in the latter part of the paper, as desirable, 
but unattainable, idealism. Whatever doubts one entertained were 
dispelled by the speaker’s unequivocal declaration that the principles 
enunciated are in successful operation. They are so diametrically 
opposed to general practice that it is hoped that Mr. Easthope will 
take these remarks as a genuine thirst for information and not as 
hostile criticism. 

It is desired to reconcile the ‘Idle Capital’? and ‘No Stock ”’ 
theories. Assume the case of a manufacturer of electric lamp fittings 
who will be subjected to a peak demand just prior to the winter 
months. Now one may have been mistaken in Mr. Easthope’s inter- 
pretation of the word ‘“‘stocks,’? but the meaning I attach to the 
word leads me to reason that unless the manufacturer makes for 
stock during the slack months he must have sufficient plant to deal 
with his maximum demand. In that case he suffers from idle 
capital in the machine shop in slack periods. Again, take the case 
of the moribund motor car market during August, September, and 
October; would it be against Mr. Easthope’s principles to use these 
months for building up stocks to ease the peak of the next season? 
This practice is usually regarded as a commercial risk which, if the 
sales advisers justify their existence, need not be a great risk, and 
has the advantage of making remunerative the capital sunk in the 
machine shop. 

Mr. Easthope compares the principles of organisation with those 
of mechanical motion, in that the simplest are the most perfect. 
This is a truism, but it appears to be on the question of lubrication 
that he differs from current practice. Paper work may be regarded 
as the oil of organisation, and, used as the means and not the end 
of a system, makes the machine, already capable of functioning, 
run smoother. 

The speaker seemed to regard viewers and progress men as trouble 
finders; I prefer to regard them as being responsible for the pre- 
vention of trouble. It was stressed by Mr. Easthope that an 
organisation cannot be ready-made; it follows that the weak points 
have to be brought to light whilst the organisation is being evolved. 
To do this, the viewers and progress men appear to be the quickest 
and most certain way. It seems to me that as we progress in 
knowledge of scientific organisation it will, at a later date, be possible 
to design an organisation and instal it en bloc, thus doing away with 
the necessity for a system to experience “ growing pains.’’? Even 
then the ‘‘chaser people ’’ would be able to smooth over difficulties 
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such as might arise through the necessity of slowing up one opera- 
tion and speeding up another, because, say, a vehicle conveying 
castings had been smashed up on the road—a contingency outside 
the control of internal organisation, 

I take it Mr. Easthope would agree to the installation of, say, 
a Le Blond multi-cut to replace half a dozen centre lathes, even 
though the former would be idle for six months whilst the latter 
are busy for twelve on the same production. 

The ‘‘three-shift’ system is theoretically correct, but it appears 
to be limited by : 

(1) The ability of the market to absorb the threefold products 
of the tactories (I am taking the universal view). 

(2) The number of operators available, bearing in mind that 
to augment to any extent the number of factory hands at the 
expense of the agricultural and distributing classes would be 
economically unsound ; and 

(3) The millennium being reached when man need work only 
one hour a day to provide him with all his requirements, we 
get to a twenty-four-shift-day, or, alternatively, back to our 
present position of having plant idle during the hours of man’s 
recreation. 

Mr. Easthope will probably say that this generation need not lose 
any over (3), and I agree, but I should like his opinion on (1) and 
(2), together with the paper he promised which will give details of 
the methods used to achieve the results he obtains from his works. 

In conclusion, I hope he will not consider it an impertinence when 
a junior member of the Institution records his pride at being, even 
so remotely, connected with one who is patiently sincere in his 
efforts to put the ‘‘man’”’ in management, Hy. MAnteELL. 

Wembley. 


Mr. Mantell’s remarks have been submitted to Mr. Easthope, 
who has replied as follows :— 

I have to thank Mr. Mantell for his kind remarks with regard to 
the presentation of my recent paper. 

The fundamental principles of organisation which I endeavoured 
to set forth are not so diametrically opposed to general practice as 
he apparently believes. 

With regard to the desirability of reconciling ‘‘ Idle Capital ’’ and 
“No Stock ’’ theories, I have to say that, first of all, he should get 
a clear idea of what I attempted to convey in my lecture. 

Quoting from my paper and speaking upon the question of 
machines being out of commission, I say :—‘‘It is here that the 
relation of output to costs is entered into, for it must be accepted 
that if capital represented by machine tools is idle, it is equivalent 
to having cash which is not available for use, and so much depends 
upon circumstances that to state a line of action would be pre- 
sumptuous folly. I would, however, stress the importance of deter- 
mining what the actual cost to a company may be as the result of 
having a number of machine tools out of commission, for upon this 
cost can be based any right line of action.’’ 
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With regard to the “*No Stock ’’ theory, again Mr. Mantell does 
not seem to have grasped the idea contained in my paper. I cannot 
trace any suggestion of a “No Stock’’ theory. What I do say is 
that idle stock should be eliminated, pointing out that idle stock 
is that over and above what is required for production insurance. 

Mr. Mantell in referring to the motor market as being ‘ mori- 
bund ’’ during three months of the year is undoubtedly overstating 
the case, and moribund is exaggerated phraseology as applied to 
this industry. Most factories are subjected to variation of sales- 
some more than others. We must grasp the fact that if a manu- 
facturer has to keep idle capital during one portion of the year, 
whether that idle capital is represented by machine tools or idle 
stocks—the customer has to pay—it must all go on the price of 
production. Much of this loss can be saved by organisation on the 
lines indicated in my lecture. The trend of future organisation will 
be in the progressive elimination of this huge waste. 

Fundamentally, my paper dealt with four spheres of organisa- 
tion :- 

(1) Shop management. 

(2) Works management. 

(3) The supreme guiding brain of an industrial organisation. 

(4) National industrial organisation. 

The elimination of industrial waste has to be considered in relation 
to all these spheres, which, although functioning in different capaci- 
ties, are nevertheless in a direct chain of relationship. 

Mr. Mantell should approach his problem from the point of view 
of machine hours required to produce the product. It is a common 
error which leads to idle capital in reckoning machine shop output 
by the number of machines instead of machine hours. 

The variables may be greater in some factories than in others, 
but the fundamental principles of organised manufacture are common 
to all. 

Mr. Mantell again shows evidence of superficial study of the sub- 
ject in saying that I regard viewers and progress men as ‘trouble 
finders.’’ I find no evidence to support such a contention. Inspec- 
tors may or may not be necessary-—so much depends upon individual 
circumstances. Indeed, properly organised and under certain condi- 
tions, they approximate closely to the supervisory and advisory staff 
Progress men are in another category, and are unnecessary in a 
properly organised productive effort. 

Certain it is the ‘‘chaser people ’’ are not necessary to tell the 
works manager that a vehicle containing castings ‘‘had been 
smashed up on the road,’’ as Mr. Mantell suggests. It is a pity 
that Mr. Mantell goes after details and ignores first principles; in 
fact, his whole criticism suffers from this defect. For example 
question No. 1, in which he queries the ability of the market 
to absorb the threefold products of the factories. Frankly, I don’t 
understand this question, and fancy that Mr. Mantell has tripped 
up over the question of, machine tools in not considering the funda- 
mental principle of the number of machine hours required to produce 
a certain product. 

Question No. 2 will answer itself if Mr. Mantell will take the 
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trouble to visit the nearest Labour Exchange and enquire for 
help. 

With regard to his remarks referring to the last part of the paper 
as being desirable but unattainable idealism, I would ask Mr. 
Mantell: Is it common sense? It is necessary to be practical, but 
if we become so practical as to lose sight of the future, then we are 
failing. An ideal is something which, being in the future, we have 
to strive for. We reach it, and it becomes practical. Practical 
usages of to-day were the ideals of yesterday. 

In conclusion, I would seriously and in all kindness counsel Mr. 
Mantell to read the paper again, not allowing customary details to 
obscure his attention to the larger facts as contained in the first 
principles of industrial organisation. ARTHUR EASTHOPE. 


Sir,—I should appreciate an opportunity of thanking Mr. East- 
hope for his reply to my remarks on “‘ Idle Capital in the Machine 
Shop,” published in Engineering Production. Taking his counsel, | 
have read his paper again (my original remarks were based on 
impressions received whilst listening to the lecture and subsequent 
discussion), and now agree that no mention is made of a “No 
Stock ”? theory, although it would appear from the report of the 
discussion that others were doubtful on this point. 

Whilst my remarks were admittedly concerned with detail, it 
does not mean that I failed to grasp the principles enunciated. 
The application of any principle involves an attention to detail, and 
it was when detail appeared to run counter to principle that | 
sought information. 

The phrase “diametrically opposed’ is perhaps an overstate- 
ment; in replying to the discussion Mr. Easthope states “. . . he 
believed that it was distinct from usual practice.”’ 

If the word ‘‘ market ’’ applies to buying and selling the adjec- 
tive ‘“‘moribund”’ is not such a frightful exaggeration; it is 
realised that the industry is active to a greater or lesser degree 
throughout the year; during the period I quoted the activity is 
mainly directed to manufacturing against estimated future sales. 

It was far from my thoughts to suggest that it requires ‘‘ chaser 
people” to inform a works manager of a breakdown in supplies. 
I am, however, still of the opinion that a properly organised depart- 
ment of this description relieves a works manager of a lot of detail 
work which inevitably arises from causes outside the control of 
the internal organisation. Holding this opinion does not prevent a 
recognition of the evils of over-staffing an organisation, neither 
does a leaning towards the necessity for stores departments indicate 
an approval of the bad business policy of over-stocking. 

Referring to the penultimate paragraph of Mr. Easthope’s reply, 
may I quote from my remarks :—‘‘ At first one felt inclined to 
regard his suggestions, especially those in the latter part of the 
paper, as desirable, but unattainable idealism. Whatever doubts 
one entertained were dispelled by the speaker’s unequivocal declara- 
tion that the principles enunciated are in successful operation.”’ 
With these words I acknowledged the fact that the suggestions 
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were practical, although I find in the report of the discussion that 
Mr. Easthope himself thought that a statement of his ‘* might be 
regarded as being idealistic.’’ 

In conclusion, may I reiterate my thanks to Mr. Easthope for his 
paper, his reply, and his advice: a man immersed in detail is 
prone to ask ‘‘ How? ”’ when confronted with a proposition to cut 


out some of the paths which have oftentime led to success, though, 

most emphatically, the query must not be construed to mean a 

failure to grasp the import of the proposition. Hy. MANTELL. 
Wembley. 





THE 
INSTITUTION OF PRODUCTION ENGINEERS. 


A GENERAL Meeting of the Institution was held at the Engineers’ 
Club, Coventry Street, London, W.1., on Wednesday, November 
21st, the President, Mr. J. D. Scaife, being in the Chair. 

The Minutes of the previous meeting were read and approved, 
and the Secretary announced the names of new members elected 
since the previous meeting. 

The President then called upon Mr. A. W. Swan, B.A.Sc., 
of the Sterling Telephone and Electric Co., Ltd., Dagenham, 
Essex, to read his paper on ‘‘ The Use of Charts in Engineer- 
ing,’’ which was followed by an interesting discussion in which 
a number of members and visitors took part. 
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ENGINEERING AND BUSINESS CHARTS. 
By Mr. A. W. SWAN, B.A.Sc., MEMBER. 


WHILE there are a number of books dealing with graphics 
and modern applications of charts to a variety of uses, there 
is one aspect that is generally overlooked, and it is this 
special point of view that it is proposed to discuss. When a 
chart is designed, there should be one principle ever in mind, a 
question definitely answered: ‘‘ What is the main object of this 
chart and for what class of user is it intended? ’’ Graphics is, 
indeed, a far-reaching subject, and any set of facts can be shown, 
not on one form of chart, but in various wavs, each of which 
stresses a special aspect. Further, chart users are divided 
into classes with distinct, and sometimes clashing, needs. It 
is, then, of the greatest importance to show the information with 
the utmost clarity to the man specially interested. 


Classes of Chart User. 


Taking first the classes of chart users in business, it is easy 
to make a sharp division into three groups; starting at the top 
we have the executive, then statistical and other departments trained 
in the use of charts, and finally the ‘‘man in the street.’”” The 
fundamentals of the executive chart are compactness and ease of 
reading; the executive is not especially interested in detail, and 
charts for his use should neither be overburdened with detail nor 
should they require careful scrutiny before the essential informa- 
tion is revealed. The needs of the second class are different. The 
statistical or chart department is interested not only in summary 
results, but also in detailed information. It follows then that 
charts for use in this type of department need not be so condensed 
as those for higher executive use; they can therefore on occasion 
furnish a greater variety and amcunt of detailed information than 
would be placed on an executive chart. The ‘‘ man in the street ”’ 
is anyone not interested in charts nor trained in their use; charts 
for his attention must have all the characteristics of a good adver- 
tisement, they must be striking, simple and require no explanation. 
The illustration, fig. 1, from a report on ‘“‘ The Water Power of 
Quebec,”’ recently published by the (Canadian) Dominion Water 
Power Branch, is an excellent example of this class of chart. 


The Squared Paper Chart. 


Having definitely decided into which class—executive, statistical 
or untrained—the chart user is to be placed, the next problem is 
41 
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Fig. 1—A typical example of a pictorial chart. 
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to decide on the type of chart most likely to be suitable. Apart 
from special forms such as the polar chart used to record daily 
power consumption, etc., and a variety of purely pictorial forms 
for public use, the ordinary chart is in general either a variation 
of the squared paper ‘‘graph’’ or some form of the “ straight- 
line ’’ chart. 

The squared paper chart is possibly the first to appeal. Even 
in elementary mathematics we become fairly familiar with this form 
of chart, and,-in addition, squared paper has the advantage of an 
enormous ranges of uses, both for the solution of engineering and 
other problems and to record changing conditions. 

Always bearing in mind that a chart can, and usually does, show 
more than one set of facts, one of which is, however, more important 
to the user than another, let us consider some of the pitfalls 
which beset the designer of the squared paper chart. In the first 
place there is always the temptation to crowd on too much infor- 
mation, and this can be a fault even if the chart is not for 
executive use. The writer was at one time interested in the pro- 
gress of the parts of a somewhat complex machine, and, in order 
to have information in a compact form, compiled a ‘‘ cross-index.”’ 
The first information concerned drawings available, then a refer- 
ence to the main progress chart page was added, then tool infor- 
mation, until the sheet was covered with a mass of figures and 
signs in different coloured inks, and it was a case of ‘‘ not seeing 
the wood for the trees.’ 


Laying-out Horizontal and Vertical Scales. 


Having decided what to omit, it is next important to see that 
the chart curves tell the story truthfully, for, strange as it may 
appear, a chart can be most deceitful by telling half-truths or by 
stressing the wrong aspect. It is first necessary to decide what 
to lay out horizontally and what to apportion to the vertical scale; 
the following example, fig. 2, from actual practice illustrates how 
important these factors can be. In a certain factory it was desired to 
show graphically the difference between the day-work method of 
payment, by which an operator is paid a standard ‘hourly wage what- 
ever his speed, and the piece-work method. The two figures show 
exactly the same facts, but the first emphasises total pay, while 
the other stresses cost per piece. 


The Correct Use of Scale. 


While incorrect laying out of the scale may not often cause actual 
deception, it is a frequent fault in charts, and may be mentioned 
in passing. A simple rule is that the larger the scale the better, 
and, as the probable limits of the values to be shown are generally 
known, these should be borne in mind when laying out the chart. 
Chart paper is generally available in definite sizes, and, if the 
range of values laid out is twice that likely to occur, half the 
paper is being wasted. A simple example, shown in fig. 3, is a 
minimum stock chart, one sheet dealing with, say, a certain size 
of piston ring. If the prescribed minimum stock is 100, and the 
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stock actually varies between 100 and 220, a chart laid out for 
variations from 100 to 230 will be adequate and much more striking 
than one laid out from zero to 300. 

One precaution must be observed where no zero base line is 
shown; while variations may show plainly, the chart does not 
indicate absolute figures. In the case given above, the 100 minimum 
stock is the real base, but if, for instance, a machine output were 
being plotted, it would not’ do to omit the zero base line even 
if the output were consistently high. 
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Ratio Charts. 


An interesting development in recent years has been the gradual 
introduction of special chart paper for special purposes, and in par- 
ticular what is known as “ ratio paper.’”’ It frequently happens 
that ratio and percentage are of more importance than actual quan- 
tities or sums of money. For instance, a director, while interested 
in his company’s profit as a sum in # s. d., is much more inter- 
ested in dividend as a percentage on capital. Another case is that 
of a buying department watching market prices; here again the 
vital information is not so much whether a price rises or falls 
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a penny a pound, as the relation of this rise or fall to the average 
price. If a commodity, the normal price of which is twopence per 
pound, drops a penny, the market is fluctuating wildly (fifty per cent. 
drop), whereas, if the average price is eightpence a pound, a penny 
fall means less (twelve and a half per cent. drop). For cases such 
as the above, and others where the relation between two or more 
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sets of figures is important, we require a chart paper which will 
give an equal space for an equal ratio, show a twenty per cent. 
difference the same whether from 10 to 12 or from 100 to 120. 
There is such a chart paper, sometimes called logarithmic, 
but better known as “‘ ratio paper’ from this important applica- 
tion. The two illustrations, figs. 4 and 5, show the use of ratio 
paper, and illustrate clearly its advantages when ratio and per- 
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centage are more important than absolute quantities. In the first 
figure we have illustrated the case mentioned above, the buying 
department price chart watching the market fluctuations of two 
commodities, one with a mean price of eightpence, the other with 
an average price of twopence. From the first or ordinary chart 
the first impression would be that both prices were fairly steady; 
actually, of course, the twopenny commodity is having a very 
disturbed time with a very uncertain market, one that indicates 
extreme caution to the buyer, and this is plainly given in the 
second chart, showing the same information on ratio paper. 

The second set of charts show a story of war inflation, a manu- 
facturing concern which, starting from humble beginnings, rapidly 
increased its activities. From the first chart the general impression 
is satisfactory, the parallel lines of expense and income showing a 
steady profit. The second chart shows the true state of affairs, 
expense drawing closer to income, and profit dropping from 50 per 
cent. of income to 285 per cent. of income. 

Ratio paper requires careful use; it is not a universal cure-all, 
and there are cases where arithmetic paper is advisable even for 
comparison; but, as a rule, where comparison is the main object 
of the chart, ratio paper is invaluable. While ratio paper is 
logarithmic paper and its peculiar usefulness arises from the fact 
that logarithmic paper always allots the same space to the same 
ratio, it is advisable not even to attempt to explain the theory to 
the non-technical. It is quite sufficient to show that here is a 
special chart paper which, whatever the theory may be, is useful 
in certain very plain practical wavs, in other words for the business 
man it is ratio paper, and most emphatically not ‘* logarithmic 
paper.” 


The Straight-line Chart. 

While the graph type of chart can be applied very widely, the 
straight-line ’’ chart has a special appeal to the production engineer 
as being particularly suitable for showing the special classes of 
information in which he is interested. In its essence the straight 
line chart consists of a sheet with parallel horizontal lines showing, 
as a rule, changes in factory conditions. Just as with the squared 
paper type, it is most impertant when laying out the straight-line 
chart to decide its main purpose. Ordinary factory practice gives 
a useful example of how point of view may affect the chart’s 
design. A common type of factory chart is one showing the pro- 
gress of manufactured parts through the various operations to 
their completion. The information available includes the size of 
the batch, and when it starts, enters, and leaves the different 
shops. The three charts given in fig. 6 show exactly the same 
information, but each chart emphasises one aspect at the expense 
of the others. In (1) the scale is by time. Here the emphasis is 
decidedly on the length of time the parts spend in each shop; 
part ‘‘2,’’ for instance, seems to have been a long time in the 
turret shop. In (2) the operations are in sequence, and it is 
easy to find both the current position of any part and the sequence 
of operations. In (3) each department has a column, and, while 
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with this form, it is not so easy to tell the sequence of operations 
as in (2), nor do the delays appear so strikingly as in (1), it is 
useful if the amount of work in each department is the information 
desired. Here we have three charts, each with its own merits; 


November (1) Time Basis 
PART NO |ORDER NO] QTY.| 5 6 7 8 9 | 10 12 13 4 15 16 {7 
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same information, each stressing its own aspect. 

Fig. 6. 















































it is not a case of one chart being “right’’ and the others 
‘* wrong,’’ but which chart best suits the special conditions. 


Actual Problems. 


As straight-line charts are applied largely to production work, 
some of the problems encountered in dealing with a particular 
chart may be of interest. It is designed to show the progress of 
a machine under manufacture by reference to the number of parts 
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in the shops or completed, particularly those which lag through 
shop or other difficulties, and in its original form is simple and 
easily read. In essence the chart is shown in fig. 7, Taking a con- 
crete case, the chart shows an order for 350 rock drills in progress, 
a few parts only being taken for the sake of simplicity. From the 
chart shown it is evident that pistons are not completed, and that 
all machining orders for the valve chest have not been issued on 
account of lack of castings. It will be noted from the illustration 
that the order for the complete machine sets the scale. Where 
there is only one part per machine, the scale is the same, but when 
there are two parts or more (as for springs and pawls), the scale 
is accordingly halved; two hundred springs mean only one hun- 
dred drills. 
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Straight line Progress Chart 
Rock Drill Type A-1063 Order 152 Oty. 350 


Fig. 7. 





This chart is a good example of the necessity for very clear 
thinking as to who is to be the user. As originally planned, it is 
for executive use, and in a factory where the total number of parts 
is not large, the executive is interested not only in complete machines, 
but in every part, and can therefore use a chart of this kind very 
successfully. But where possibly forty machines are made, each with 
several sub-assemblies, and the total number of parts run into the 
thousands, it is evident that the chief executive will be interested 
only in complete machines and possibly sub-assemblies, and that 
the smaller parts will be the concern only of the shop superintendents. 
In other words, this is a detailed chart, and these are not for executive 
use. In the actual case which the writer has in mind this was quickly 
realised, the solution being two complementary sets of charts, one 
for manager and superintendents, showing the progress of complete 
machines with their sub-assemblies, the other for foremen and pro- 
gress staff, showing sub-assemblies with their parts. 
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The Gantt Chart. 

A characteristic difference between the curve on squared paper and 
the straight-line chart, but one seldom mentioned, is the fact that 
the curve sheet is ‘‘ two dimension,’’ length and breadth, while the 
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straight-line is restricted to one dimension. Where comparison is not 
important, this fact has no great weight, but where, for instance, a 
chart is desired to compare output of two or more machines both at 
regular time intervals and by equal output, the ordinary straight-line 
chart is at a disadvantage compared with the curve sheet, as it must 
be laid out either to compare by absolute quantity or by time periods 
unless special means are employed. The late H. L. Gantt solved this 
problem with a chart, ingenious yet simple, which he adopted as 
standard for a variety of applications. 

The characteristics of the curve sheet, the ordinary straight-line 
chart and the Gantt chart, are indicated in fig. 8. In each case the 
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output of machines A and B is shown, actual output being compared 
with proposed. In (1) the record is clear and definite, and output can 
be compared either on the basis of when A and B reached 100, 200, 
etc., or how the output compared each month. In (2) (the straight- 
line chart) we have similar information but in a form not quite so 
convenient where comparison is by time. The Gantt chart takes 
percentage as its basis, and in this particular case the monthly pro- 
gramme quantity for the machine is the hundred per cent., sixty for 
‘* A,”’ thirty for ‘‘ B.’”’ Each time period is taken as a unit, the Jight 
line showing the delivery as a percentage of that required. The 
heavy ‘‘cumulative’’ line is the sum of the monthly percentage 
figures. 

The Gantt chart has two special advantages. In the first place 
the use of percentage against time intervals gives a universal ground 
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ot comparison. Where output is in question it is actual in relation 
to promised that matters, not the absolute figure, and where depart- 
mental expenses are charted, the important information is the rela- 
tion of the expense to the budget allowance. Similarly, the Gantt 
chart is applied to machine efficiency records, and as applied to output 
is particularly useful in that widely varying programmes can be 
recorded on one sheet; in all cases the cumulative line should keep 
pace with the date. 


Miscellaneous Uses of the Straight-line Chart. 


Comparison is not always the purpose of a chart, and the straight- 
line idea can be applied in various forms. A hint of the possible 
applications is given in figs. 9 and 10 in the form of examples 
taken from different fields of actual working charts, based on the 
straight-line idea. 

Fig. 9 shows in skeleton form a machine-shop control board 
devised by Mr. E. T. Spidy, for use in a Canadian factory. Curiously 
enough, though quite independently thought out, the board resembles 
one recommended by Mr. C. E. Knoeppel, a leading American 
production and chart expert. The board is laid out vertically by 
machines and horizontally by days, and is used for allocating work 
in the machine-shops. As work reaches the shop, it is assigned to 
individual machines, and a cardboard strip corresponding in length 
to the estimated time of the job in days, placed in the metal slots on 
the board. As the work progresses, the cardboard strips are chalked 
in, and the board serves a useful purpose, not only in indicating at 
a glance the actual and proposed machine loading, but how the 
work is progressing in relation to the estimated time. This parti- 
cular board is only one of many varying greatly in detail, but 
is a fairly typical example of the shop control chart based on the 
straight-line principle. 

‘he chart illustrated in fig. 10 was worked out as the graphic 
solution of quite a different type of problem, and shows that the 
straight-line chart is not confined to the manufacturing side of a 
business. A problem which sometimes puzzles an advertising de- 
partment is that of proper distribution. Where the product includes 
many different classes of machine, the advertising is spread over 
a number of journals, and it then becomes important to advertise 
the right kind of product in each journal. For instance, a machine- 
shop paper has its own clientéle, the mining paper has another, and 
different. It is also important to cover the ground thoroughly once 
or twice a year. The chart was devised to help the advertising 
department plan the publicity by showing in a simple way what 
had been done during the past year. By the aid of the chart it 
was comparatively easy to note how the “‘ copy ”’ had been distri- 
buted, and to lay out schemes for the future. 


Special Slide-rules and Alignment Charts. 


While charts are valuable as an aid in recording business changes, 
they have another and older use in the solution of engineering and 
other problems that can be definitely expressed in mathematical 
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terms. It is not intended to discuss the purely mathematical side, 

but there are one or two special forms of chart which are par- 

—— rly useful where the problem occurs very frequently or has 
» be solved quickly by relatively unskilled labour. 
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Fig. 10. 


The ordinary slide-rule is regarded by the non-technical public 
with some awe, and there is justification for this attitude, as the 
slide-rule is devised to perform a great variety of calculations, 
and requires corresponding care in use. Where, however, there 
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Fig. 11. [To face p. 53. 
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occurs a calculation likely to be repeated hundreds of times a week, 
or even fairly frequently, by semi-skilled clerks, the special slide- 
rule is decidedly useful. Being worked out for one type of problem 
and designed to be used by clerks quite unfamiliar with ordinary 
slide-rule practice, the special rule is correspondingly simple, not 
only to use, but to design. It cannot be too strongly emphasised 
that the special rule is not a theoretical plaything, but a practical 
working device for use in cost offices, rate-fixing departments, and 
machine shops. 

A special rule used by the Sterling Telephone Co. for distribution 
of secondary expense, in particular cost of living bonus (illus- 
trated in fig. 11), is an example of how very simple the ‘‘ ready- 
reckoner ’’ rule may be both in practice and theory. The actual 
working of the rule can best be shown by illustration. A possible 
weekly wage on piece-rate would be as follows :— 


8. a 
(1) 2,690 parts at 2/5 per 1,000 = 6 6 
(2) 3,500 parts at 2/- per 1,000 = 7 Oo 
(3) 446 parts at 1/93 per 100 = 8 o 
(4) 1,985 parts at 53d. per 100 = 9 6 


TotaL WaGE = 31 Oo 


If the cost of living bonus is 8s. 6d., the labour cost of (1), (2), 
(3), and (4) is the actual wage plus its share of 8s. 6d.; in other 
words, the labour cost of (1) is 6/6+ 2° 
bonus. But to perform this type of calculation hundreds of times 
a week is laborious, and the special rule was devised to do the 
same work more quickly and more easily. With the slide-rule all 
that is necessary is to set the total bonus against the total wage 
bill and read the proportionate figures for A, B and C, directly 
in shillings and pence, on the bonus scale. The theory of this 
cost rule is elementary, but it illustrates one or two important 
points. It is only possible to use the rule in one way; there are 
no alternative settings and all figures are plainly shown in shillings 
and pence. 

The slide-rule is only one of several aids to factory calculations. 
In some cases the ordinary chart is more useful, and occasions 
arise where it is advisable to employ both chart and rule. At 
the Montreal factories of the Canadian Consolidated Rubber Com- 
pany a difficult problem in rate-fixing for rubber moulding was 
recently solved by the master mechanic, Mr. Donald Ross-Ross, and 
in this case a large chart was devised for production office use, 
while slide-rules were designed to be used in the factory. Of late 
years the alignment chart, sometimes called the nomograph (writing 
of a law), has been coming into prominence as an alternative to 
the special slide-rule. The alignment chart is, like the slide-rule, 
based on the theory of logarithms which transforms multiplication 
into addition and division into subtraction, but the theory is applied 
somewhat differently. The three parts of fig. 12 illustrate the de- 
velopment of the alignment chart. In (1) we have three parallel 
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lines equally spaced, but with the centre line divided to half the 
scale of the other two. By elementary geometry a ruler laid from a 
value on A to a value on B will always cut C at a point equal to 
A+B, and it makes no difference if B happens to be a negative quan- 
tity. In other words, we have a device for addition and subtraction. 
If now A, B and C are divided similarly to a slide-rule the addition 
and subtraction are transformed into multiplication and division, and 
accordingly in (2) a ruler laid from any value on A to any value on B 
will cut C at Ax B (for instance, the line from 5 on A to 5 on B cuts 
C at 25). In (3) this principle is carried further, the particular chart 
being an alternative to the special cost-rule described under the 
heading of special rules, for the distribution of bonus over several 
wage items. The actual calculation takes the form a+bxc, a 
division followed by a multiplication; the process can be followed 
from the figure. 

Ihe special place of the alignment chart is for use where a calcu- 
lation is not extremely complicated and yet occurs sufficiently often 
to warrant some inexpensive calculating device. It is, for instance, 
suitable for calculations involving irregular scales such as feet and 
inches, pounds and ounces, or British currency, as the scales can 
sasily be laid out for direct reading. A golden rule in calculation is 
‘**the easiest way is always the best way.’’ The special rule and the 
alignment chart may be special devices, but they illustrate once again 
the central idea of this paper, that business problems when expressed 
in chart form should never be so expressed without very careful 
analysis of the why and the how. 
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THE DISCUSSION. 


In introducing his paper Mr. Swan remarked that the whole matter of 
showing statistics graphically was such a huge subject that it would 
certainly be foolish to endeavour fully to deal with it in a paper which 
obviously could only occupy half an hour or so. Regarding the illustrations 
included in the paper, these were not necessarily given because they were 
particularly wonderful, but they were merely illustrations of the chiet points 
which he wished to emphasise. The central idea to be kept in mind is 
that it is of the greatest importance to show the information with the 
utmost clarity to those specially interested. 

in the course of the paper Mr. Swan made some remarks with regard 
to industrial conditions obtaining in America and scientific management. 
He recalled that at a previous meeting of the Institution some very pointed 
remarks had been made about American practice in general, and, although 
he was not an American, he had had considerable experience in that 
country, and he did not think that the position in the States was really 
understood. In his opinion conditions in America had changed during 
the last few years just as much as they have in this country. Scientific 
management as a term was practically dead. The trouble was that in 
the early days of the enthusiasm for so-called scientific management many 
American semi-experts came over here to this country and endeavoured 
to get us to adopt their ideas wholesale, without any regard to the 
prevailing conditions. As a result the people in this country grew tired 
of so much talk of scientific management, and the actual position in 
the States was very different from what one would gather from the 
various semi-experts who had visited this country. Simplicity, he said, 
was the keynote in the United States just as it was in England, and 
many of the original ideas relating to scientific management in America 
had been abandoned. The whole tendency of present-day administration 
was for works organisation to become simpler than ever, and, in fact, 
many of the methods now in use in the States were a great deal simpler 
than those he had seen in vogue in this country. 

In opening the discussion, THe Presipent, Mr. J. D. Scaire, said that 
the Institution had to thank Mr. Swan for a paper which was well above 
the average. On first thoughts one might perhaps think that the subject 
dealt with appeared to be very simple, and perhaps not worth a fully- 
detailed consideration, but since reading the paper and listening to the 
author he himself had fermed a very different opinion. He never found 
any necessity beyond the ordinary squared paper chart himself, and he 
had some fifteen or twenty charts of this type in daily use. Mr, Scaife 
described what might be termed as a combination chart that he himself 
used. Starting from the bottom, the first line represented direct wages, 
and various items were added above. This chart was kept up-to-date, 
and showed direct labour and direct materials, and so forth, and indirect 
labour and indirect materials, etc. These various items were all added 
one above the other, and there followed salary figures and overhead 
charges, and, finally, the value of the output. 

Having regard to Fig. 8 in Mr. Swan’s paper, he used a method 
for obtaining the same results which was very different from conven- 
tional methods. In the first place, he determined at the commencement 
of every month the minimum output of the factory for that period, and 
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on a chart he arranged a set line showing the output in terms ot time 
and number of finished bearings. Working from the various dates 
and the number of bearings actually made, a further line was plotted, 
which at certain points might overlap the original line, and showed 
exactly how the completed output compared with the predetermined mini- 
mum for any period. In various positions throughout his works ther 
were installed what might be called ladder charts, on which the desired 
output was shown as compared with the actual output achieved for any 
given period, and he had found this scheme acted as a good incentive 
to the employees. 

Mr. H. A. Dupceon (Member) said that it appeared to him that charts, 
like figures, could be made to show anything one wanted. There was, 
perhaps, one point which he had not understood. With reference to 
Figs. 4 and 5, dealing with the use of ratio paper or logarithmic paper, 
the author had said that if the output remained constant the lines would 
be parallel, whereas as a matter of fact he thought they would actually 
diverge. 

Mr. Swan here pointed out that the paper Mr. Dudgeon had used did 
not start at zero. 

Mr. W. F. Dormer (Member of Council) said that he considered that 
charts of the type that had been illustrated very instructive, but it occurred 
to him that their real value depended to a large extent upon the cost 
of upkeep. In the case of a large works with a large number of 
employees it was very essential to have such records, and it was possible 
to have the necessary staff to keep them up-to-date, but in small shops 
he did not think this feasible. In cases such as these, therefore, it 
devolved upon the individual who wanted the information to keep the 
charts. In nine cases out of ten in a small works, if there was not 
an expensive method of keeping the charts, he did not think they would 
be very successful. 

Mr. A. WiLLMott (Member), whilst agreeing with the difficulty men- 
tioned by Mr. Dormer, with respect to evolving a system of charts which 
could be applied to a small works, he thought that there was in the 
system outlined in the paper the foundation for a scheme of chart records 
which could be applied by anyone according to their particular circum- 
stances. He himself had operated chart systems in both large and small 
works, and had taught quite unskilled people to keep the necessary 
records. He quite endorsed Mr. Swan’s remarks regarding the present 
position in America regarding scientific management. We in this country, 
in our criticism of the Americans concerning this matter were rather behind 
the times, and it would be advantageous for us to study the matter most 
fully. 

Mr. Raymonp J. Mircuett (Member) said that as a member of numerous 
engineering institutions he had been wondering during the last year or 
two whether the effects of the war and the general stress and strain and 
pessimism must not be the sole explanation for the distinct tendency to 
aridity and lack of originality which, he submitted, is discernible in a 
goodly proportion of the papers read before engineering institutions at 
the present time. Mr. Swan’s paper was an extremely welcome departure 
from that aridity, and as an Institution they ought delightedly to welcome 
such an excursion into new country. It might sound a strange thing to 
say, but engineers generally seemed inclined to be afraid of figures, and 
he believed he could sustain that contention in an extensive debate. Bear- 
ing in mind that the engineer’s job depended very largely on a correct 
conception and measure of the various aspects brought out in the paper, 
it seemed to him that even those engineers who were in middle life ought 
not to be above trying to accommodate their minds to some of the simpli- 
fications, set out by the author in his paper, of mathematical ideas which 
had been introduced during the past ten years or so. In connection with 
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the use of charts in general, he would like to recount an experience which 
occurred when he was engaged at a small works during the war, when 
his company was making a change over from merely factoring machines 
of American manufacture to marketing machines of their own design and 
production. At that time he had not been holding an executive works 
position for some years, and he imagined that he committed every mistake 
that a raw executive, especially under war conditions, could make. One 
of these mistakes was to regard the chart idea as a heaven-sent inspiration, 
and to seek to replace the manifold inaccuracies, carelessness, and in- 
experience of the staff whose duty it was to collate information by trying 
to interpret it in a graphical form. He could only say that he hoped he 
would never be associated with such a muddle again. The outcome, how- 
ever, was not altogether unhappy, although he had made the colossal 
mistake of trying to record the progress of every part of a rather com- 
plicated motor vehicle on one long chart which equalled in length the 
four walls of a very large room. He did even worse than that, because 
he had the chart made in four colours, indicating when the raw material 
was ordered, when the job was in the shop, when it was through inspec- 
tion, and, finally, when it was in the stores. He used four ccloured lines 
at varying heights, and unfortunately his excess of zeal and quite un- 
necessary anxiety gave ample scope for the by no means mean abilities 
of his managing director in the matter of sarcasm. Finally, however, 
he made the system work by the simple expedient cf placing a very 
intelligent person in charge—a woman, by the way—and, finally, she had 
no other job—she did not need one. There was one point which he 
thought had not been sufficiently emphasised in the author’s paper, namely, 
the fundamentally practical aspect that for a chart system to be useful in 
a works every possible endeavour must be made for the chart to convey 
news and not history. One did not want to see a chart recording what 
took place three or four weeks ago, and he wondered whether it would be 
possible to simplify the writing-up of the information which finally trickled 
through to the chart builder, so that the chart would contain news and not 
history. After all, to be useful, charts must be kept up to date day by 
day, or at least from week to week, as they lost in value rapidly, like an 
old newspaper, as the days or weeks go by. 

Mr. W. H. Storey (Member) suggested that too much stress had been 
laid by some of the speakers during the discussion on the difficulty of 
obtaining the necessary data. The author had seemed rather averse to 
recommending the use of special slide rules on account of the cost, but 
the average rule of this type would not cost much more than tos., and it 
would not need to be used many times to save that amount. Further, he 
thought there was little difficulty to be experienced in teaching girls of 
average intelligence how to use the slide rule. 

Mr. J. W. Farmer (Associate Member) said that he thought a chart 
should be regarded as a tool, and therefore considerable care should be 
taken in selecting the chart according to the purpose it was intended to 
serve. This speaker also emphasised the value of ratio paper, and said 
that with regard to the illustration shown in Fig. 9 of a machine-shop 
control board, he had perhaps misunderstood this, but it seemed to him 
that the ordinary type of line chart is really historical, in that it is made 
up after the event. The type of control board shown by Mr. Swan, how- 
ever, seeméd to be made up before the event, and he wondered what would 
happen if, for example, in the case of machine No. 1, the parts which 
were supposed to be done on one day were not finished until the next day. 
What would happen in this case to the control board? Mr. Farmer also 
mentioned the utility of the polar chart used for recording temperatures, etc. 

Mr. A. ButLer (Member of Council) spoke regarding the cost of keep- 
ing up a system of charts. He agreed that in a small works the necessary 
procedure was expensive, but the very fact that there was a limit upon 
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the amount of money which could be spent to get the required informa- 
tion led to the chart system being adopted as the cheapest. The control 
board system was very useful in works where a fairly large product was 
being manufactured, but where small pieces that are rapidly produced, 
such, for example, as the average run of work made on automatics, then 
the control board did not appeal to him in the least, for while the cards 
were being changed over it was quite likely that several other orders 
would be finished on the machines concerned. 

Tue Presipent, Mr. J. D. Scaire, mentioned that he had been interested 
in the comments on the time taken to prepare charts. In his own works 
he maintained at least a score, and he did not think it required more than 
1} to 2 hours a week to keep them up to date. The information had first 
to come to himself or some other member of the staff in the form of 
figures, and it had to be kept on record as figures, and therefore it did 
not take long to enter the information on the charts. 

Mr. Swan, replying to the discussion, expressed his thanks for the 
manner in which the paper had been received and discussed. The dis- 
cussion had reverted on several occasions to the progress chart, and in his 
paper he had tried not to emphasise the progress chart at the expense of 
other applications. Undoubtedly the progress chart was a very interesting 
type, but there were others just as important, such as those for use in the 
buying department, and he considered that the subject was one of very 
wide interest. He was very glad that the President in his remarks had 
dealt with the cost of maintaining these records. His own experience had 
been that young boys or girls could readily be trained to keep them up to 
date and to take a real interest in them, and, of course, in this case the 
cost was infinitesimal. Thus at a very small clerical expense it was 
possible to have information which was easily digestible. He would not 
develop the question of ratio paper further at the moment, but he would 
refer them to the articles mentioned in the Bibliography, all of which might 
readily be referred to at the Patent Office Library, 25, Southampton Street, 
Chancery Lane, London, W.C.2. It was true that there were not many 
items in the Bibliography, but they were of such a nature that they com- 
prised about six months’ hard reading. 

The remark that charts should be constructed to give news and not 
history was a pertinent one, but here again the progress chart was to the 
fore. It was quite true that the main interest was in news and not 
history, but sometimes both were wanted, and as to the control board, 
the strips could readily be moved along, and it was more in the nature of 
a planning board than anything else, for, naturally, one’s hopes were not 
always fulfilled. As to teaching people to read the slide rule, other persons 
had apparently been more successful than he had been himself. The 
special slide rules which he referred to in his paper, and which were illus- 
trated, cost about #1 each. Of course, the question of cost was purely 
a relative matter, and even 5s. might be too much to spend for the pur- 
pose under special conditions. He was very pleased to note that someone 
had said that charts were only a form of tool, which was a very true 
statement, and for that reason they must be used with discretion. The 
main point of this paper had been to drive home the fact that charts are 
extremely useful and practical, but they must not be used because they 
are charts or because they lock imposing. If it exists, a better method 
should be employed for recording information, but in the majority of cases 
it would be found that a chart was the most efficient manner of recording 
information of the nature he dealt with. 


THE 
INSTITUTION OF PRODUCTION ENGINEERS. 


A GENERAL Meeting of the Institution was held at the Engineers’ 
Club, Coventry Street, London, W.1, on Wednesday, December 
19th, 1923, Mr. W. L. Fisher, Vice-President, occupying the 
chair, in the absence of the President. 

The Minutes of the previous meeting were read and approved, 
and the Secretary announced the names of new members elected 
since the previous meeting. 

Mr. Fisher then introduced Mr. L. W. Wild, who read his 
paper on ‘‘ Electric Furnaces,’’ which was followed by an 
interesting discussion. 








ELECTRIC FURNACES, WITH SPECIAL REFER- 
ENCE TO THE HEAT TREATMENT OF STEEL. 


By LANCELOT W. WILD, M.I.E.E., oF THE WESTMINSTER ELECTRICAL 
TESTING LABORATORY. 


Heat treatment may mean hardening, normalising, annealing, 
tempering, or carburising. 


Hardening. 


Briefly, the process of hardening a plain carbon steel consists of 
heating the steel to that point at which the cementite (iron carbide) 
and ferrite (iron) coalesce to form a solid solution, which is then 
fixed by quenching the steel in water, or sometimes cil. 

If the steel has been heated to exactly the right degree before 
being quenched, it will show a fracture with a very fine grain. This 
fine grain is required if the steel is to have the maximum strength 
and resistance to wear. 

If the steel is ever so slightly underheated the hardening will be 
patchy. If it is rather overheated, it may appear to be perfectly 
hard when tested with a file, or even on the Brinell machine, but it 
will have a coarsened grain, and it will break under a smaller load 
than if correctly heated. In addition, the resistance to wear will be 
lessened, and if a cutting tool it will not either take or retain such a 
keen edge. 

Our forefathers used to heat steel for hardening in a forge, judg- 
ing its condition by its colour. Many of them attained a most 
surprising precision, considering the difficulty of forming a correct 
judgment. But what the highly skilled man aforetime attained after 
a long apprenticeship can now be easily surpassed by an intelligent 
boy or girl equipped with modern appliances. 

Judgment by colour was superseded by the employment of pyro- 
meters. If a steel is heated to a certain temperature and is held 
very rigidly at that temperature for a given time, no doubt excel- 
lent hardening would result, but such treatment is by no means 
easy to carry out with the requisite precision. 

Let us consider for a moment some of the most glaring faults of 
pyrometer treatment. Fig. 1 shows how very sluggish in action a 
thermo-couple may be, and very often is. 

A couple consisting of two wires 0-036in. diameter and quite 
unprotected attained its full temperature in about 13 minutes, after 
being plunged into a hot furnace. The same couple protected by a 
silica sheaf took 30 minutes to arrive at its steady temperature. 

When wires o-195in. diameter were employed, the times came out 
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to 10 minutes for the unprotected and 60 minutes for the protected 
couple. 

Then again, thermo-couples wear out, and before they finally 
break asunder they give low readings; even if the potentiometer 
principle of measurement is employed, low readings will be obtain- 
able towards the end of the life of the couple. 

Other causes of error are: weakening of the magnet of the indi- 
cating instrument, which is especially liable to occur in warm situa- 
tions; incomplete compensation for cold junction; incomplete com- 
pensation for instrument temperature; bad contacts in change-over 
switches, and, sometimes, sticking of the instrument movement. 

Even if the pyrometer is in itself reliable, how is one to obtain 
the true temperature of the steel unless the thermo-couple is placed 
within the steel itself? In practice, the steel is situated in a furnace 
whose walls are not of uniform temperature, and the thermo-couple 
is placed about midway between the steel and one wall of the furnace. 
In this position it obtains heat by radiation from both the furnace 
walls and the steel, and it really measures the temperature of 
neither, 

Where the pyrometer fails again to produce work of precision 
lies in the fact that it is a means of measuring temperature only, 
whereas what is really wanted is a means of ascertaining the 
molecular condition of the steel. 

This does not depend upon temperature alone, but also upon the 
time this temperature has been maintained, or with rising heat we 
may say the rate at which the temperature is rising. 

As an illustration the following experiment may be quoted: Two 
pieces cut from the same bar were heated at different rates, and 
were quenched as soon as they became non-magnetic. One reached 
this condition in 2} minutes from the start, and the other took 
50 minutes to reach this condition. 

The quickly heated specimen actually attained a temperature of 
810° Centigrade when it was removed for quenching; the slowly 
heated piece was quenched from a temperature of 750° only. 

Both pieces were examined under the microscope, and were also 
subjected to more sensitive magnetic tests, and both were found 
to be ideally hardened. 

Had the quickly heated piece been held at 810° for a few 
minutes it would have coarsened appreciably. Had the slowly 
heated specimen been quenched a few minutes earlier it would 
have been incompletely hardened. 

It is evident from this experiment that the rate of heating, as 
well as the ultimate temperature reached, is of the utmost import- 
ance, and what is wanted is a method of determining with cer- 
tainty the actual physical condition of the heated steel without 
regard to the actual temperature it may have attained. 

This is accomplished by the electro-magnetic system of heating. 

In the year 1897 Roberts-Austen showed how for all plain carbon 
steels containing more than o-4 per cent. of carbon the correct 
quenching point was the moment when the steel became entirely 
non-magnetic. This has never been since seriously disputed. It 
was, therefore, in the year 1897 that the foundation for the electro- 
magnetic system of heat-treatment was laid. 
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Not, however, till the year 1916, under the stress of war, was a 
means discovered of applying the system on a really practical 
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in more detail. Fig. 2 shows the heating and magnetic curves of 
a sample of crucible steel. A distinct slowing of the heating rate 
is ‘to be observed between temperatures of 740° to 760°. This is 
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due to the ferrite and the cementite forming a mutual solution. 
The process absorbs heat, just as does dissolving hypo in water. 
The quickening of the heating rate above 760° indicates that the 
process of forming a mutual solution is practically complete, but 
the fact that at this temperature the steel is still slightly magnetic 
shows that free ferrite is still present in small quantities. As 
heating proceeds further, these small unattached particles of ferrite 
become dissolved, and when the steel arrives at 780° it becomes 
entirely non-magnetic as the last of the ferrite enters into solution. 
In a nutshell, the final disappearance of magnetism indicates 
that the solution of ferrite and cementite is uniform and has not 
gone a step too far. If the steel is quenched at this point it has 
the finest possible grain on fracture, resulting in the maximum of 
strength, toughness, cutting power, and resistance to wear. 

















Fig. 3.—(Left) Grain size obtained when hardened by using pyro- 
meter. (Right) Grain size obtained with same steel when hardened 
in electric furnaces. 


At this point a digression into what occurs with overheating 
may be opportune. 

Fig. 3 shows two photo-micrographs of a file, the one of the 
file as bought, the other after being reheated to the non-magnetic 
point and quenched. 

As bought, the file had evidently been overheated, the grain had 
grown considerably, and the file was found to be very easily broken. 
After being rehardened the grain is seen to be much finer, and it 
required very much more force to break the file. 

When the carbon content of the steel is below 0-4 per cent. the 
electro-magnetic system of heating fails to serve. The reason for 
this is that iron itself becomes non-magnetic at a temperature 
somewhat lower than the minimum temperature at which complete 
diffusion will take place. 

The electro-magnetic system is of utility with many of the alloy 
steels, but not, unfortunately, those where the amount of the 
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alloyed metal is very large. A brief outline of the limitations will 
now be given. 

Both 33 per cent. and 5 per cent. nickel steels harden very well 
from the non-magnetic point. 

Manganese added to steel to make it oil-hardening in no way 
interferes with the electro-magnetic treatment. 

Tungsten up to 2 per cent. is often added to steel to increase 
the depth of hardening. This amount does not interfere with the 
employment of the electro-magnetic principle. For permanent 
magnets 6 per cent. of tungsten is often employed. Such steel 
requires to be heated to about 50° above the point at which it 
becomes non-magnetic. 

Chrome up to 2 per cent. is added to increase resistance to wear. 
Chrome is rather sluggish in going into solution, but if after the 
steel becomes non-magnetic the current is switched off and the 
steel allowed to soak on a nearly even, or even slightly falling, heat 
for two minutes, perfect hardening can easily be obtained. 

Chrome up to about 13 per cent. is used in stainless cutlery, and 
this steel must be heated some 200° above the non-magnetic point. 

Vanadium in the proportions commonly employed does not inter- 
fere with the electro-magnetic system being employed. 

Neither molybdenum nor cobalt steels can be treated electro- 
magnetically, 

As far as the author knows, the only furnace on the market 
with the electro-magnetic equipment is the Wild-Barfield, which 
is manufactured in both England and Germany. 

The following is a general description of this furnace: The 
furnace chamber is of the nature of a muffle, and is wound with 
a helix of nickel-chrome wire. This helix, besides being the 
source of heat, also serves to magnetise the steel when it is placed 
in the furnace. 

A controlling resistance connected in series with the heating coil 
serves to limit the building up of excessive temperature within the 
furnace during the dinner-hour or short breaks in the operation cf 
the furnace. 

Whilst the furnace is in full operation this controlling resistance 
is generally left untouched, the passage of the work through the 
furnace being sufficient to keep the temperature of the furnace 
chamber within reasonable limits. 

The furnace chamber is contained within a casing of sheet 
aluminium and cast-iron, the intermediate space being occupied by 
material of excellent heat-insulating properties and inert chemically 
and electro-chemically to nickel-chrome. 

Outside the main casing of the furnace is wound a helix of copper 
wire, and this is variously known as the pyroscopic detector or 
secondary winding of the furnace. This helix is in turn protected 
by a ventilated casing of sheet aluminium. 

The electrical connections are shown in fig. 4. 

F is the primary or heating winding on the furnace chamber. 

D is the secondary or detector winding on the furnace casing. 

S and P are the secondary and primary windings on a piece of 
apparatus generally known as the compensator. This is a sort 
of transformer with adjustable iron core. 
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Mc is the moving coil of the magnetic indicator. 

W is the energising coil on the magnet of the magnetic indicator. 

Normally, on alternating current an E.M.F. of about 5 volts is 
induced in the detector winding of the furnace. This is opposed 
by an exactly equal E.M.F. induced in the secondary winding of 
the compensator, so that no current flows through the moving coil 
of the indicator. 

Any variation of the main current or periodicity affects both 
furnace and compensator alike, so that when balance has once 
been established by adjustment of the iron core of the compensator, 
no upsetting of the balance takes place. 

Now let us suppose that a pile of motor gears is introduced into 
the furnace. The presence of the steel, which becomes magnetised 
at once, increases the inductance between the heating and detector 
windings of the furnace, so that the E.M.F. in the detector winding 
is increased from, say, 5 to 6 volts. 

The E.M.F. in the secondary winding of the compensator, how- 
ever, remains unaltered, so that the balance is upset, and about 
1 volt is available for sending a circulating current through the 
whole secondary circuit. If the moving coil of the indicator has a 
resistance of 10 ohms, a current of o-1 ampere will pass through 
this moving coil, which is sufficient to supply about ten times the 
deflecting force required to send the indicator needle hard over 
against its stop. 

The gears gradually heat up, and at first there is very little 
change in their magnetic condition, but as the critical point is 
approached they become less magnetic, till finally, as the last trace 
of ferrite goes into solution, they become quite non-magnetic. In 
the meantime, as a result of this reduction of magnetic sus- 
ceptibility, the out-of-balance E.M.F. has been gradually getting 
less and less, till finally, at the critical point, balance is completely 
restored, and the needle of the indicator which has been slipping 
back smoothly returns to its original position. 

At this moment the gears should be immediately removed from 
the furnace and quenched, and the result will be that of perfect 
hardening. Both under- and over-heating are impossible so long 
as the operator attends to his job. 

These furnaces are being built in two general types, namely, 
vertical with circular chambers and horizontal with flat floor. 

Fig. 5 shows a vertical furnace with its control board. This 
type of furnace is being built with furnace chambers up to 12in. in 
diameter and up to sft. high. The furnace depicted measures 
23x 12in. inside, consumes g'5 kilowatts, and has an output of 
70 |b. of steel per hour. It is generally worked by a single 
operator, the work being fitted into jigs, one jig being filled and 
another emptied, whilst a third is in the furnace. 

One of the incidental advantages of electrical furnaces is that, 
when the nature of the job is known, the input, output, and labour 
cost can generally be calculated in advance to a nicety. This is 
especially true of furnaces fitted with the magnetic detector, as 
the rate of heating accommodates itself to the load placed in the 
furnace at one charge and the input available, so that the output 
is practically the same for very large or reasonably small charges. 
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A horizontal type of furnace is shown in fig. 6. These. are often 
used for large work which can be handled with tongs, but more 
often they are employed for quite small work which can be placed 
in a nickel-chrome tray, that is sometimes arranged for end and 
sometimes for side quenching. 

The choice of type of furnace is, for the most part, governed 
by the requirements of the quenching operation. 

All Wild-Barfield furnaces are fitted with excess temperature 
cut-outs, and such a cut-out is illustrated in fig. 7. The cut-out 
consists of a loop of pure silver wire, through which the furnace 
current has to pass. This loop enters the furnace chamber, and is 
so situated as not to get in the way of the work. 























Fig. 5.—Standard vertical radia- Fig. 6—A horizontal type of 
tion furnace and eauipment. furnace. 


At a temperature of 961° silver melts, and when this occurs all 
current is automatically cut off from the furnace. A small lamp 
shunted across the fuse lights up when the silver melts and warns 
the operator of what has occurred. 

The cut-out is fitted with a plug connection, so that a spare 
plug kept always on hand can be fitted in within less than one 
minute. 

Before these excess temperature cut-outs were thought of, con- 
siderable trouble was experienced through burning out of the 
furnace windings. Now, however, the operators, knowing that 
they will be called over the coals if they consume much silver 
wire, are very careful, and in practice the fuses are very seldom 
called upon to operate. 

As already mentioned, there are some steels which do not lend 
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themselves to the electro-magnetic treatment. One of these is 
that known as stainless steel, containing about 13 per cent. of 
chromium, and which is now very largely used for cutlery. 

The furnace depicted in fig. 8 has been developed for the treat- 
ment of stainless cutlery. The furnace consists of a circular 
chamber which is wound with a heating winding. A nickel-chrome 
tube of rather substantial section so as to serve as a heat equaliser 
passes up through the centre of the furnace. A thermo-couple of 
platinum platinum-rhodium is situated in this tube, with its cold 
junction projecting from the bottom below the stand. 

The furnace is loaded with 12 blades to a charge, and these are 
held in a nickel-chrome jig which is suspended in the furnace so 
that the blades hang round the thermo-couple tube. 

The procedure is as follows:—A charge is introduced into the 
furnace. The pyrometer indicator falls about 50°, and then slowly 
comes up again. As soon as it has returned to a certain point, 











Fig. 7.—The excess temperature cut-out plug. 


say 970° Centigrade, the jig is removed and quenched, and another 
inserted in its place without the necessity of any adjustment being 
made to the rheostat. 

It is uncertain whether the pyrometer indicates the exact tem- 
perature of the steel, but as the operation is entirely a question 
of adhering to routine, the results obtained are very satisfactory. 
On first installation it may, however, be necessary to spend an 
hour in preliminary experiments to ascertain the right reading on 
the pyrometer at which the blades should be removed. 

The furnace consumes 35 kilowatts, and is capable of dealing 
with ten charges per hour of ordinary large-size dinner-knife blades. 

Another steel that is quite outside the range for electro-magnetic 
heat-treatment is that known as high-speed steel. The tempera- 
ture required for hardening is 1,250° to 1,300° Centigrade. 

A furnace for this work is shown in fig. 9. The furnace has a 
chamber measuring 5x3xgin. in the heated zone, which is large 
enough for drills, lathe tools, and milling cutters of moderate size. 

Fitted into the roof of the chamber are two bars of pure car- 
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8.—Equipment for hardening stainless steel. 
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borundum. The current passes through these, and heats them to a 
high degree of incandescence, and the heat is thrown down on to 
the work partly by direct radiation and partly by reflection from 
the furnace walls. The furnace is employed with an optical pyro- 
meter of the disappearing filament type, which measures the actual 
temperature of the work. 

The furnace consumes from 6 to 9 kilowatts, and heats up to 
1,250° to 1,300° within an hour from start, after which the work 
can go through very quickly, though no figures of output are yet 
available. 

For work of considerable mass it is customary to use a pre- 
heating furnace, and this may be a simple electric muffle of small 
size consuming about 2 kilowatts. 


Normalising. 


The process of normalising generally consists of taking the steel 
up to the non-magnetic point and letting it cool in the air. If this 
is carried out on partly finished work, the finishing cut can then be 
taken so as to leave the work with a better and more accurate finish. 
The production of screw gauges is a case in point where not only 
is a very smooth surface required, but one that is very exact in 
dimensions. 

Normalising is also employed on finished work of such a nature 
as to be liable to warp on being quenched. The Wild-Barfield 
electro-magnetic furnace is eminently suitable for carrying out this 
operation. 


Annealing. 


Arnealing generally consists of taking the steel up to the non- 
magnetic point, and then slowly cooling in the furnace. If the 
steel contains less than 0-2 per cent. of carbon it is best removed 
from the furnace at 400° Centigrade and cooled in an air blast. 
This reduces materially the absorption of nitrogen, which is very 
important for steel required for magnetic purposes. 

The Wild-Barfield electro-magnetic furnace is perfectly suitable 
for this treatment. There is, however, one. class of annealing for 
which no electric furnace is yet available for carrying out the 
operation on a commercial scale, that is the annealing of trans- 
former iron. 

The temperature required for this is 1,100° Centigrade, the object 
being to obtain an extremely large grain. The fact that an atmo- 
sphere free from oxygen, hydrogen, or carbon is also required 
makes the problem particularly difficult. 


Refining. 


Refining means producing in low carbon steel, generally about 
o-I per cent. Of carbon, the finest possible grain. The temperature 
required is a little below go00° Centigrade, and the steel is subse- 
quently cooled in water, oil, or if the pieces are small, in air. 
Water quenching gives the highest tensile strength, but air cooling 
gives the most silky fracture. 
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Fig. 10 shows an electric furnace suitable for refining, and fig. 11 
shows the furnace in course of construction. It will be seen that 
the furnace chamber is built up of a number of small bricks loosely 
held together by nickel-chrome T-pieces. Coils of nickel-chrome 
wire are threaded through partly closed grooves in the top and 
sides of the furnace chamber. Coils can also be fitted in the floor, 
if desired. In such case they would be covered by a nickel-chrome 
plate. 

This form of construction permits of free expansion to every 
part, with the result that the rather complicated bricks used for 
the support of the heating coils do not break up. New coils are 
easily fitted when they burn out, and as the heat from these coils 























Fig. 9.—Furnace for heating Fig. 10.—An electric furnace for 
high-speed steel. refining purposes. 


does not have to pass through the refractory material, the coils will 
last for a very long time. 

A thermo-couple is generally fitted within a nickel-chrome tube 
entering from the back of the furnace, whilst another tube carries 
an excess temperature cut-out. The thermo-couple can be con- 
nected to an automatic control device, so that when the required 
temperature is reached in the furnace the temperature is main- 
tained stationary and no overheating can take place. 

A furnace with a chamber measuring 36x 24x 12in. consumes 
23 kilowatts and is capable of refining 220 lb. of steel per hour 
provided that the work is removed directly the automatic control 
begins to operate. If, however, the parts to be refined are small, 
some soaking is required after the control begins to operate in order 
that the centre of the charge may heat up to the full temperature, 
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During the soaking period the furnace will consume rather less 
than half the current that it takes cn heating up, as the waste 
heat is small. 


Tempering. 

Tempering consists of reheating work which has already been 
hardened and cooling in air or water. The treatment permits the 
solution of ferrite and cementite to separate out to a more or less 
extent, resulting in the steel becoming rather less strong, but 
decidedly less brittle, so that it can be bent to some extent before 
breaking, giving greater resistance to shock. 




















Fig. 11.—Constructional details of furnace shown in Fig. 10. 


Tempering is for the most part carried out at temperatures 
ranging between 200° and 300° Centigrade, according to the nature 
of the job. Springs, however, are often tempered to as much as 
400° Centigrade. At about 500° Centigrade a change takes place 
in the steel, which is accompanied by a rehardening, which, how- 
ever, is quickly lost again when this temperature is exceeded. 

The same type of furnace as has been suggested for refining is 
very well adapted for tempering. The output per hour is about 
the same, and the consumption reduced by rather more than the 
difference of temperature. 


Carburising. 

Carburising is a complicated process and is full of pitfalls for 
the unwary. Probably the most troublesome fault encountered 
is that of incipient enfoliation, This leads to the development of 
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soft spots in the subsequent hardening, due to resistance offered 
to the free passage of heat during the quenching operation. 

The chief cause of enfoliation is a fluctuating temperature during 
the carburising operation. The temperature should rise continually 
and evenly till the maximum temperature is reached. It should 
be then maintained perfectly steady until the time for lowering 
it is reached. 

A furnace as suggested for refining, if fitted with automatic 
control, is eminently suited for carrying out the operation with 
absolute certainty. 

The carburising boxes are loaded into the furnace either hot 
or cold as may be convenient. As soon as the carburising tem- 
perature is reached, the automatic control takes charge and no 
attention is required. If thought desirable a time switch can be 
fitted to switch the current right off some hours after the works 
have closed down, the boxes being removed next day. There appears, 
however, to be quite a general opinion that it is preferable to turn 
the boxes out when hot so as to cool the contents comparatively 
quickly. 

On “fuel ’’ cost electric carburising compares rather favourably 
with town gas. In one instance it was calculated that the two 
‘* fuel? costs were on a parity with electricity at 1d. per unit and 
gas at 2s. 1od. per thousand. As against producer gas, electricity 
cannot compete on ‘“‘fuel’’ cost alone. It must be remembered, 
however, that the automatic control by cutting out hand regulation 
reduces labour cost as well as improving the product materially. 

In conclusion, I would like to state that all the furnaces dealt 
with are being manufactured by Messrs. Automatic and Electric 
Furnaces, Ltd., of Elecfurn Works, 173 and 175, Farringdon 
Road, E.C.1, and that they are the inventions of not only the 
author but also of Mr. E. P. Barfield, managing director of the 
firm, and of Mr. J. P. D. Coleman, the works manager, to whom 
we are especially indebted for working out the practical details of the 
furnaces and making them a sound commercial proposition. 
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THE DISCUSSION. 


Mr. A. Butter (Member of Council), in opening the discussion, 
said he would like rather more detailed particulars with regard 
to the cost of running furnaces on electricity as compared with 
gas or coke, and he would also like to know what would 
be the cost of replacing the linings of the muffles. Regarding 
the general utility type of muffle which Mr. Wild had mentioned, 
it would appear that it would be a job of some magnitude to reline 
this type of furnace, as the process could not be undertaken at such 
short notice as would be the case when dealing with ordinary muffles 
where only relatively simple and cheap firebrick linings were used. 

Mr. ButTLer also asked whether any continuous type furnaces 
embodying some form of conveyor were in use. It seemed to him 
that in the hardening of stainless steel cutlery blades and similar 
small components, electric furnaces of the continuous type would 
prove very economical. In connection with work of this class, the 
time taken to heat the material was very short, and as a general 
rule, the vast quantities of work handled would permit of a muffle 
or even a battery to be installed for one particular job. 

He thought that there were numerous disadvantages that would 
have to be faced when using electric furnaces in the average small 
hardening shop. For example, when working on the non-magnetic 
principle for the determination of the quenching point, it was obvious 
that it was impossible to deal with more than one class of steel in 
the muffle at the same time. It was, of course, common practice in 
most hardening shops to have anything up to half a dozen com- 
ponents in the furnaces at once, in order to save time and to obtain 
the maximum output, and under these conditions there would pro- 
bably be five pieces in the process of heating, whilst the sixth was 
practically ready for quenching. He was under the impression that 
if there were three or four different classes of steel in the muffle simul- 
taneously, the theory of the electro-magnetic principle for determin- 
ing the hardening point would be upset. Mr. Butler referred to the 
author’s figures relating to two specimens, one of which had been 
heated quickly and the other slowly, and he assumed that the differ- 
ence in the non-magnetic points of these two steels was as much 
as 60° solely on account of the fact that one was heated somewhat 
quicker than the other. If this were the case, his, Mr. Butler’s, 
previous practice had been incorrect for he had been accustomed to 
using a Brearley set on various classes of steel and obtaining the 
decalescence points, and thus fixing the hardening temperatures. 

From Mr. Wild’s figures it would seem, that although this pro- 
cedure was supposed to provide an approximate definition of the 


correct hardening temperature, it was possible to be as much as 60° 
out. 
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With regard to the general wear and tear of electric muffles, he 
would like to enquire whether Mr. Wild had any experience as to the 
length of time the heating elements would last. His own personal 
experience in this matter had been in the smaller types of electric 
muffles, in connection with the Brearley set, and there had been a 
series of continual trouble through the heating elements giving out. 
Possibly this was due to the fact that the muffles were very small 
and that the amount of protection provided for the elements was 
perhaps insufficient. 

Finally, Mr. Butler enquired whether the original type of Wild- 
Barfield furnace, i.e., the salt-bath pattern, was still being manu- 
factured, and whether the later types of furnaces were as successful 
as the salt-bath models for dealing with screw gauges, etc., or if it 
had been found an advantage in some cases to retain the salt-bath 
method. 

Replying to Mr. Butler’s remarks, Mr. WiLp said that the inter- 
nally heated furnaces were not yet a year old, so that no great length 
of actual workshop experience was available, but so far, however, 
they had experienced no failures of the bricks or of the coils or of 
any other components. Through making the bricks small, no patch- 
ing would be necessary, and it was quite a simple matter to renew 
the heaters and floor plates by removing the back plate from the 
furnace. He thought that the whole of the heaters could be renewed, 
in the case of a furnace 24in. by 12in., in the course of a couple of 
hours. He anticipated that the bricks used in the electric furnaces 
would practically be everlasting, chiefly on account of their small 
size, but that, of course, remained to be proved. 

Mr. Butter said that the fire bricks were anything but everlasting 
in the case of the gas-heated muffle. 

Mr. WIvp said that he quite agreed, but pointed out that in the 
electric furnace one did not have to contend with such severe condi- 
tions as in the gas-heated muffles. For example, there were no 
flames impinging on the furnace linings. 

Mr. Butter said that in a completely closed D shaped muffle the 
floor usually gave way after a period of service with normal heat. 

Replying, Mr. Wi p said that the reason was that the floor got 
very much hotter than the top, and also that the furnace was started 
up ‘with a full flame, and he believed that it was mainly due to the 
starting-up process that the gas furnace gave trouble. With regard 
to continuous furnaces, Mr. Wild said that the only ones that his 
firm had supplied at the moment were a few quite small muffles 
that had been employed for annealing silver and gold for dental 
purposes. The furnaces were about 30in. long, and the muffle was 
about 3in. wide and 1jin. high, whilst a continuous chain went 
through at a very slow rate, and these furnaces were working very 
successfully. 

Mr. A. T. Davey (hon. secretary) suggested that the continuous 
method in conjunction with electric furnaces could be possibly 
applied to larger components, such as automobile parts. 

Mr. WILD agreed, but pointed out that the cost of the continuous 
chain would be very heavy if it were to be of nickel chrome, as was 
the case in the furnaces he had mentioned. 
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Mr. Davey asked whether, if reasonable outputs were involved, 
the expense would be justified. 

THE AUTHOR stated that he considered it would. As a matter 
of fact, he had quoted for a continuous furnace for use in Norway, 
which was of a low-temperature type for annealing copper. ‘This 
also was to be equipped with a continuous chain, and the whole 
furnace was about qoft. long, and the chain would weigh 2 or 
3 cwt. per foot run. If a chain of that type were made of nickel 
chrome it would, of course, cost a small fortune, but as the tem- 
perature in which it was to be used would be comparatively low, 
iron or steel could be used. With regard to the life of the heaters 
in electric muffle furnaces, it had been found that during the last 
twelve months the average life of the windings was eight months. 
The figures from which this information was obtained contained 
some rather bad examples due to causes which had since been 
rectified, and he anticipated that from now onwards the average 
life would be at least twelve months. 

Replying to a query by Mr. Butler as to the cost of a new winding, 
Mr. Wild said that as a general rule it was about 8 per cent. of the 
cost of the furnace, being about Io per cent. on the larger sizes and 
rather less with regard to the smaller ones. These figures referred 
not only to the winding, but a wound muffle chamber, because very 
frequently after the wire was removed the muffle fell to pieces. That 
Was one reason why small bricks were preferred for internally- 
heated furnaces. 

With regard to salt baths, Mr. Wild said that the original salt 
baths were made for hardening screw gauges. He had hardened 
between 9,000 and 10,000 screw gauges during the war, and 97 per 
cent. of these were passed by the National Physical Laboratory. ‘The 
salt bath was a silica pot containing the salt with a winding on the 
silica, and it was necessary for the salt to be kept melted day and 
night, and under the average conditions obtaining to-day it would be 
found too extravagant to keep the furnaces always switched on. 

Mr. BUuTLER said that he assumed from Mr. Wild’s remarks that 
it was impossible to let furnaces of this type cool down, and in 
replying Mr. Wild said that, of course, they could be emptied, and 
he had tried this procedure; but in refilling the baths, unless great 
care was taken to break the lumps of salt into very small pieces, 
there was great risk in breaking the silica, because silica, after it 
had once been used, loses some of its original strength. 

Mr. Davey asked if the radiation furnace was considered to be 
as efficient for hardening screw gauges as was the salt-bath type. 

Tue Avutuor, replying, said that one important point with regard 
to the hardening of screw gauges was that they should be heated 
in the shortest possible time, for when the duration of heating was 
at all lengthy the steel had a tendency to take up a spherical form, 
and as a result, unless the heating was done very quickly, the end 
threads went down and the centre threads went up, which made 
correction very difficult. The salt bath was originally introduced in 
order to obtain exceptionally quick heating. In a superheated salt 
bath the temperature was 860° or 880°, and one could heat a jin. 
diameter gauge up to the non-magnetic point in about 1} minutes, 
and then, of course, it had not much time to alter shape. 
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Mr. Butter asked for the comparative initial costs of an electric 
furnace and a gas-heated furnace of the same size. 

Mr. WILD said that he believed the cost to be about twice as much 
for an electric furnace as in the case of a gas furnace; the equip- 
ment provided with the electric furnace, however, included the 
switchboard and all other details. 

Mr. But_er remarked that normally the price of an ordinary gas 
muffle did not include a pyrometer indicator, 

Mr. WILD agreed, and said that, of course, we knew what gas 
could do and what it could not do, and that if the electric furnace 
could not provide better results than a gas-heated furnace it had no 
case, for it could not compete with gas on first costs. In practice 
the first cost of a furnace equipment is often paid for in a few 
months by a saving in working cost, increase of output, or im- 
provement in quality of work. 

Mr. KenwortHy (Member) referred.to the tendency for carbon 
steels when hardened to grow to some extent, and asked whether 
electro-magnetic control of the hardening temperature prevented that 
tendency. 

In replying, Mr. WILD said that, when hardened, steel consisted 
largely of martensite, which had a lower density than the pearlite 
in annealed steel, and one, of course, could not harden steel with- 
out increasing the volume to some extent, and there was very often 
loss by scaling. Numerous tests had been carried out to show that 
there was an actual decrease in volume after hardening, but the 
results obtained were very misleading, as the decrease had been due 
to scaling which had been carried off in the quenching. If the 
density was measured instead of the volume, it would be found 
that hardening always increased the volume. Overheating further 
increases the volume, and another advantage of the electric system 
was that there was no overheating, and consequently the change of 
volume was less. If there were no increase of volume there would 
be no hardening, for hardness is due to strain, and the same factor 
that caused strain caused alteration of density. He could not say 
definitely whether the increase of volume was less pronounced in the 
electrical process than in other processes, but there was every 
theoretical reason to suppose that this was so, for when heated to the 
minimum possible hardening temperature there would be less sub- 
sequent change in the steel than if any overheating had taken place. 
At the present time tests on this line were being carried out at the 
National Physical Laboratory. 

A Memper asked if Mr. Wild considered that the old magnetic 
method of testing the hardening temperature of small tools was in 
any way satisfactory, for if it could be used with fairly accurate 
results it would probably give the smaller shops an opportunity of 
obtaining some of the benefits which could not normally be obtained 
except by the use of an expensive apparatus. 

Mr. WILD replied to the effect that he did not think any method 
of using a magnet directly on to the work was sufficiently sensitive, 
and said that there was always the probability of underheating the 
work, and it was necessary to trust to one’s imagination if it were 
thought that contact had been lost. It was usually found best to 
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heat the steel a little more in order to feel assured that one was on 
the safe side. 

Mr. Coutson SmitH referred to the couple mentioned by the 
author, consisting of two wires, 0-036in. in diameter, and remarked 
that, taking into consideration that the time necessary to reach a 
steady temperature varied as between the protected and unprotected 
wires, he would like to know from what material the couple was 
constructed. 

Mr. WILD, replying, said that it was made of Eureka resistance 
wire and iron. 

Mr. Coutson SmitH, with regard to carburising, asked for a 
comparison of the acetylene and electrical methods, and also said 
that he would like some information with regard to patching up 
the muffle with an alundum cement. __In the heat treatment of carbon 
steel, where it consisted of graphitic carbon or cementite, the carbon 
content had to be estimated, and he (Mr. Smith) had made a furnace 
having a silica tube. The tube was wrapped with nichrome wire, 
and to prevent shorting of the lining he had coated round with 
alundum cement and dried it on. By the aid of this apparatus he 
had obtained a temperature of 1,200° Centigrade, but his chief 
difficulty had been in obtaining a satisfactory quality of alundum 
cement, and he wondered what material was used for insulating 
purposes on Wild-Barfield furnaces. 

Mr. WILD said that he had n>» particulars of the use of acetylene 
for carburising purposes, and with regard to alundum he said it did 
not work very well with silica, although it adhered quite satisfac- 
torily to a fireclay tube, and that was, of course, where the trouble 
was in using a silica tube for a temperature of 1,200°. 

Mr. SMITH pointed out that silica had a melting point of 3,000°. 

Mr. WILpD agreed, and said that the coefficient of expansion in 
silica and alundum varied considerably, and this accounted for 
cracking. Of course, if there were no alundum on the silica at 
all, the wires would naturally touch owing to the large amount of 
expansion of the winding. In his opinion, the remedy in this par- 
ticular case was to replace the silica tube by one of fireclay, to which 
the alundum cement would satisfactorily adhere. He had made 
small laboratory furnaces for 1,200° in that manner, and at that 
temperature the wires gave three weeks’ life for continuous running. 
He did not know what the life would be if the furnaces were con- 
tinually switched on and off, as the wires became brittle after a 
time, and the life under these conditions would probably be less. 

Mr. BuTLerR asked for particulars as to the difference in the non- 
magnetic temperatures of steel specimens that were heated quickly 
and slowly, for Mr. Wild had said that the temperature for a 
quickly heated specimen was 810°, and for one that was slowly 
heated 750°. One had considerable difficulty in reconciling these 
figures, for where the two specimens were of the same class of steel 
it rather seemed that the hardening point in both cases should occur 
at the same temperatures, whether the steel was heated quickly or 
slowly, provided, of course, that saturation was complete. 

Mr. WILD, replying, said that the point was that 750° would 
perhaps do the job, while 760° would do it more quickly, and 
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770° would do it quicker still. The steel started by being, one might 
say, patchy ; the cementite had to travel a certain distance, and the 
ferrite had also to travel a certain distance before the two met, 
and the higher the temperature the quicker the travel. 

Mr. But.er here pointed out that, generally speaking, if a harden- 
ing point was quoted by a steel manufacturer for a particular class 
of steel, it was never stated that it must be heated quickly or slowly, 
and in reply Mr. Wild said that frequently a hardening point of 760° 
to 780° was often quoted in manufacturers’ catalogues, so that a 
tolerance of 20° was provided. 

Mr. BuTLer suggested that, providing the extra degrees were above 
the non-magnetic point, this feature was rather to the advantage of 
the user than otherwise. 

Mr. Witp remarked that he did not think that the difference in 
temperature of 20° for hardening mattered very much in some cases, 
but it was an important matter with regard to steel which was very 
low in manganese, say, having about o-2 per cent. manganese. Long 
before he had taken up furnace work he had been aware that tem- 
perature and time were independent, and that when he had gone 
into these matters this was one of the first things he had attacked, 
for there was no doubt that time made a great deal of difference. 

Mr. Cuester asked if he understood the author to say that a pyro- 
metrically controlled thermo-couple was unreliable, and that he, Mr. 
Wild, used only the magnetic type of indicator. In his paper the 
author had dealt with the treatment of steels only, but, of course, 
it was necessary to handle such materials as Monel metal, alu- 
minium, etc., in these cases where temperatures worked to were not 
high, but at the same time it was necessary to be able to judge 
the temperature fairly accurately. He, therefore, asked how the 
temperature could be definitely determined in such cases, and whether 
the author considered that an electric furnace was suitable for metals 
of this description. 

In reply, Mr. Wild stated that electric furnaces were in satisfactory 
use for annealing duralumin and Monel metal, and that they were 
generally fitted with some type of pyrometer, either a thermo-couple 
pyrometer, or a Cambridge & Paul bulb thermometer. The latter 
instrument was employed for low temperature work, and consisted 
of a small bulb of mercury which was placed in the furnace, and 
which was connected by means of a flexible tube to a wall instru- 
ment. Of course, in cases such as these there was no non-magnetic 
point to measure and one had to deal with temperatures only, but 
there was always some doubt as to whether the temperature was 
uniform throughout the whole mass of the material; in fact, it was 
usually necessary to determine by experience what heating time to 
give to the job in order to have sufficiently accurate results. 

Mr. C. VERNON called attention to the presence of a perforated 
sheet on the Wild-Barfield electric furnace, and asked if the reason 
for it was to permit the heat to be dissipated, so that the nichrome 
element should not be overheated. It had occurred to him that the 
efficiency of the furnace was low, about 50 per cent., and he wondered 
whether in the future efforts could be made to increase the efficiency, 
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seeing that there was no chimney in the electric furnace, as there 
was in the case of a gas muffle, to allow for the escape of gas. 

THE AvuTHOR replied that the perforated metal was merely a cover 
for the detector winding. It was necessary to keep the detector wind- 
ing reasonably cool for an enamelled copper wire was used, and if 
it was allowed to rise above a certain temperature, the enamel cracked 
and fell off. 

Regarding the efficiency of furnaces, he was always much in favour 
of low efficiencies. In America he believed they were fond of quoting 
an efficiency of 80 per cent. This figure, however, was seldom 
reached. His objection to working with high efficiencies was that 
the temperature so easily got out of control unless there was some- 
thing to soak up the excess temperature which did not go where 
it was required. In hardening, for example, so long as one had 
uniform sections one could work at high efficiencies, but most com- 
ponents to be hardened were not uniform in section, and if one 
endeavoured to heat the steel too quickly the uniform temperature 
throughout the mass was not obtained. 

Mr. WIp said he considered an efficiency of 50 per cent. was 
quite satisfactory, and even this was not always obtainable. For 
example, in the hardening of hack saw blades it was found that 
working on a 50 per cent. basis, the hack saws had to remain in the 
furnace for about one minute. Experience has shown that if a 
blade were left in the furnace for a minute and then quenched it 
would ‘‘ bow.” If, however, it was left in the furnace for two 
minutes, the results were extremely satisfactory, but obviously the 
efficiency was only about 25 per cent., instead of a possible 50 per 
cent., and the output was only half what it would be if one were 
prepared to put up with spoilt work, and there were several jobs of 
that nature which simply could not be forced. 
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A GENERAL Meeting of the Institution was held at the Engineers’ 
Club, Coventry Street, London, W.1, on Wednesday, January 
16th, 1924, the President, Mr. J. D. Scaife, occupying the chair. 

The Minutes of the previous meeting were read and approved, 
and the Secretary announced the names of new members elected 
since the previous meeting. 

The President then called upon Messrs. J. E. Baty and 
A. J. C. Brookes, of Messrs. The Pitter Gauge & Precision 
Tool Co., Ltd., Woolwich, to read their paper on ‘‘ Accuracy 
in Production Engineering,’’ at the conclusion of which very 
interesting demonstrations were given of several of the tools 
and appliances referred to in the paper. 
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ACCURACY IN PRODUCTION ENGINEERING. 


By Messrs. J. E. BATY, A.M.I.Mecn.E., A.M.I.E.E., and A. J. C. 
Brookes, OF MEssrs. THE PITTER GAUGE AND PRECISION TooL Co., 
Ltrp., Wootwicu, S.E. 


THE authors much appreciate the opportunity of speaking before 
this Institution upon the subject of accuracy measuring in 
engineering production. Production engineering forms one of 
the most important branches of our industry, and 1s one to which 
the authors have given special study for some years. They would 
like to preface their remarks by stating that although for a goodly 
portion of their practice their work has been of an impersonal nature, 
it may be said that at the present time they hold a brief for one 
particular system of standardisation of size. They will, however, 
endeavour to review the whole matter impartially. 

Accurate measuring has always in the past been one of the most 
important factors in the development of engineering science, and it 
is becoming, in these days of quantity and ‘‘mass”’ production, an 
indispensable feature of engineering practice. 

The object of this paper is to bring before you in a concise manner 
some developments in measuring and the latest scientific advance- 
ment in practical measurement in its application to economical 
quantity production. 

Many recent papers and publications have emphasised the import- 
ance of accurate gauges and gauging in relation to the reproduction 
of interchangeable parts of machinery, the economical fulfilment of 
which is largely dependent upon accurate measurement; but none 
of these papers has, so far as the authors know, dealt with the pro- 
duction and maintenance of standards in the form of reference length 
bars, which are at present the basis of accurate measurement. 

In their missionary work on the science of measurement they have 
found, even at this date, an apathy and great lack of a full under- 
standing of the need for accuracy in certain directions. With the 
present poor state of trade and three political parties, each of which 
considers the country will shortly expire if it does not take their 
particular medicine, it rests with every executive engineer to see 
that our industry revives in spite of Governments. 

This can be done only on scientific lines by engineers meeting 
together and exchanging views, and by the staff of any individual 
firm satisfying itself that they have the best design and the best 
possible production and inspection methods. That there is not 
always the close touch necessary between directors and works is 
frequently evident. The works may feel the need of certain tools, 
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but cannot get the directors to sanction their purchase or manu- 
facture. 

A short while ago the authors came across a case of a different 
character. A works manager of a large and important company 
was pressed to use certain modern gauges, but declined emphatically, 
as in his opinion modern methods were destroying the individuality 
of workmen. Shortly afterwards the head of this same firm was 
speaking on the necessity of mass production to keep our country 
going. We must have closer co-ordination and something of the 
American spirit, which says, ‘‘If you have anything better than we 
are using, bring it along.”’ 

Absolute accuracy, as well as being unattainable, is not required 
in ordinary engineering products. If made within certain ‘limits 
of accuracy,’’ suitable to different cases, interchangeability of parts 
and rapidity of production are both obtained. It is, however, 
essential to maintain limits of accuracy in the gauges and measuring 
apparatus with which the work is to be measured of a higher degree 
than that required for the work; with a still higher accuracy in 
master gauges, by which working gauges are checked; and so on 
till the final reference bars and gauges are reached which should 
have the highest accuracy attainable. Reference bars are essentially 
true sub-divisions of the primary standards of length—the English 
imperial legal standard yard and the French metre—and this paper 
will explain a new method of generating the different sizes from a 
‘parent’? standard bar, the length of which has been made equal 
to and compared with the primary standard within the finest possible 
limits—viz., within one part in a million. 

It should here be observed that, previously, all sub-divisional sizes 
have been determined upon a principle of evolution as distinct from 
the generation principle. 

As all finite measurement is quantitative in principle, and it neces- 
sarily bears relation to some unit, the authors think, in dealing with 
the question of accurate measuring, that it is desirable to give a few 
extracts of the history of the British standard length measure. 

Looking up old records on the subject, the authors met with a 
good deal of interesting information, some of which is merely 
interesting and some of which may be found useful in developing an 
understanding of the difficulties met and coped with in the past, and 
the manner in which the science of measurement (metrology) has 
kept ahead of, or at all events abreast of, the requirements of 
measuring fer practical purposes. 

Measurement in terms of some sort of unit is as ancient as history 
itself. The relative dimensions of the Pyramids are classical; but 
whereas the Egyptians were seemingly content with qualitative 
measuring, such as laying out a triangle with the sides of 3, 4, and 
5 units to obtain a right angle between the short sides, the Greeks 
later, in their greater variety of work, found the necessity for a 
permanent and fixed unit; and it is said that the foot as a unit was 
first established in Greece. Tradition has it that the length of this 
unit was taken from the foot of Hercules (presumably the statue of 
Hercules). 

Coming to more recent times, prior to the Conquest the yard 
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measured, according to later investigations, about 39-6 of our present 
inches; but this yard was reduced by Henry I. in 1101 to compare 
with the length of his own arm. 

Some old statutes of Edward II. (1324) enact that three barley- 
corns, round and dry laid end on end, make an inch, 12 inches 
make 1 foot, and 3 feet 1 yard. 

There is no doubt that this mode of measurement was, actually 
employed. Such a primitive method may have been sufficiently 
accurate for the period, and down to the year 1824 it was actually 
the only legal process by which the standard yard of this country 
could, if lost, have been recovered. 

Engineering works in the middle of the eighteenth century 
demanded a more constant unit of length measure, and in 1742, 
when the Royal Society took up the matter, there were several 
standards of length in existence, which, although not recognised by 
law, served the purpose approximately of regulating the measures 
used in engineering and for general commercial purposes. By an 
order of the Royal Society a careful comparison of these various 
length standards was made, and from those estimated to be the 
most reliable—i.e., from the group having the closest coincidence— 
a standard yard was made by a mechanic named Graham, which 
took the form of two lines marked upon a brass rod. A Parliamen- 
tary Committee caused a copy to be made of this, the first standard 
yard, in the year 1758, the work being done by an optician named 
Bird, who was afterwards employed to make a second copy. These 
two standards were duly placed in the hands of the Speaker of the 
House of Commons, but a Bill to constitute the first of them a 
National Standard was not carried, and there the matter remained 
until 1790, when another Committee was appointed, which also 
achieved nothing, and the matter remained in abeyance until the 
year 1814. 

During the interval 1758-1814, however, several private individuals 
provided themselves with ‘‘standards,’’ and scientific men turned 
attention to devising means for establishing a national standard and 
for recovery should it ever be lost. 

In 1814 a Committee recommended the adoption of Bird’s standard, 
and defined the British yard as consisting of 36 inches, the length 
of a pendulum making one vibration per second being 39:13047 of 
such inches. 

Later, in 1819, a Commission appointed by the Prince Regent 
presented three reports, in the first of which the seconds pendulum 
is given as above, and in the second and third given as 39:13920 
inches. These reports resulted in the passing of an Act, whereby 
Bird’s second standard, of the year 1760, was finally legalised in the 
year 1824. 

This standard yard was deposited in the Houses of Parliament, 
and was destroyed in a fire that occurred in that building in 1834, 
together with the first standard made by Bird. Fortunately, a 
secondary standard had been made by the Royal Astronomical 
Society two years before, which had been carefully compared with 
the legal standard. 

Some time before this (1796) Troughton, of Troughton & Simms, 
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had prepared a 5-feet scale, sub-divided by fine lines into tenths of 
an inch, to the instructions of Sir George Shuckburgh-Evelyn, 
F.R.S. A comparator was also made for the verification of this scale 
(now at the National Physical Laboratory), and it was for this 
instrument that Troughton designed the first micrometer microscope 
which has had such great influence on the form of the English 
standard finally adopted, viz., a line standard. Also at this time 
(from 1834) there existed two iron bars of one yard length belonging 
to the Board of Ordnance in the custody of Col. Colby. 

It is from these three standards—the Troughton 5-feet scale (27th 
to 63rd line) and the two malleable iron bars belonging to the 
Ordnance Board—that our present English imperial legal standard 
yard is derived. In 1838 a Commission appointed by the British 
Government formed a committee of scientific men to investigate 
and supervise the restoration of the standard destroyed in 1834. 
This Committee declined to recommend the restoration by recourse 
to the pendulum, as sources of error in the former experiments had 
been subsequently discovered; and finally, after a long series of 
experiments and comparisons of existing standards, selected the 
three above-mentioned scale and bars as being the most accurate 
representatives of the lost legal standard. 

Mr. William Simms was invited by this Committee to give advice 
as to the form the standard should take and the material of which 
it should be made, and Messrs, Troughton & Simms eventually 
carried out the work, consisting of the imperial standard of length 
and the five Parliamentary copies, together with apparatus for veri- 
fication and preservation. 

The present British imperial legal standard of length is the yard, 
and is represented by the distance between the centres of two certain 
fine lines inscribed upon two gold plugs inserted into a cast bronze 
bar 38in. long and tin. x tin. cross-section when the bar is at a 
temperature of 62° Fahr. and at sea-level. 

This standard was legalised in 1855, and is now most carefully 
guarded in the custody of the Board of Trade at Westminster. Five 
Parliamentary copies were made, and are designated by numbers. 
These copies are legally true to nominal length at the following 
temperatures :— 

No. 2 at 61-94° Fahr. 
No. 3 at 62-10° Fahr. 
No. 4 at 61-98° Fahr. 
No. 5 at 62-16° Fahr. 
No. 6 at 62-00° Fahr. 


They are kept in different places. One is at the Royal Mint; 
another in the keeping of the Royal Society; another at the Royal 
Observatory, Greenwich; bar No. 4 is immured in the House of 
Commons on the right-hand side of the second landing of the public 
stairway leading from the lower waiting hall up to the Commons 
committee rooms. 

No. 6 bar (at the Royal Observatory, Greenwich) is the accessible 
representative of the national standard. No. 4 was remeasured in 
1923—1.€., compared with No, 1—and was then found to be over 
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one ten-thousandth inch longer than the length originally assigned 
to it. 

The national standard and the five prototype copies are made of 
bronze of the following composition, known as Baily’s metal :— 


Copper oe ... 16 parts 82-05% 
: mcs ee 12-82% 
Zinc men > ©-part 512% 


The work was supervised by Mr. Baily from 1841 to 1844, and 
after his death by the Rev. Mr. Sheepshank until 1855. Mr. Sheep- 
shank died on the eve of its completion. The remaining work was 
undertaken by Mr. (afterwards Sir George) Airy, Astronomer Royal, 
to whose memoirs in Philosophical Transactions for 1857 anyone 
further interested would do well to refer. 

Mr. Sheepshank gives the linear expansion of bronze bar No. 1 
for 1° F. (at temperature differing little from 62° F.) on 36in. length 
as 0:000339in. Other observers have given it as 0:000355in. 

From the foregoing it will be seen that our national standard of 
length is a line measure. In the light of present-day knowledge of 
accurate measuring, it is to be regretted that the ultimate reference 
is a line and not an end measure on account of the great difficulty 
in transferring line to end measure, which latter has long since 
been found the more convenient in practical measuring. 

In a paper read by Sir Joseph Whitworth at South Kensington in 
1876, on Measurement, he said, ‘‘ There is an insurmountable diffi- 
culty in converting line measure to end measure, and therefore it is 
most desirable for all standards of linear measure to be end 
measures.”’ 

At present the metrologist’s greatest difficulty is converting the 
standard line measure to end measure, and sooner or later there is 
no doubt a standard end measure of the yard unit will be estab- 
lished, and probably one of cast steel with hardened ends, with a co- 
efficient of thermal expansion of o-o00011 to o-000012 per 1° C. per 
inch. 

That great progress has latterly been made in the science of 
measurement is shown by citing two cases only—of totally different 
categories—which have come to the notice of the authors. 

The first, a set of standard screw gauges, certified as correct by the 
Board of Trade in 1912, and since then unused, which recently came 
into the hands of the authors to be checked. The gauges were soft, 
and the chatter marks of the tool were very evident in many cases. 
Most of the rings would shake badly when screwed on to their 
respective plugs ; sizes varied by thousandths of an inch from nominal 
in many cases, and the thread forms in the rings were in some 
instances very extraordinary ; in one case, apparently, the machinist’s 
cutting tool had broken, but he had carried on and screwed the ring 
until the plug entered. To-day firms are turning out better screw 
thread shapes and sizes on production work than that represented in 
some of these check gauges. This example is not given as a criticism 
but to show the recent great advancement made in measuring and 
inspecting screws, due largely to the guiding influence of the 
National Physical Laboratory during the war. 
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The second case concerns the accepted sizes of the N.P.L. standards 
in English units. In October, 1920, the engineering press and all 
concerned in high accuracy measurement were notified by the National 
Physical Laboratory that, as a result of recent determinations of the 
absolute sizes of the laboratory standard end gauges in inch 
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All comparisons to fall within 2} parts in a million of the length 
involved. 

Due to the fact that the above is a direct comparison between two 
built up “ piles ’’ the following extra gauges are required to avoid com- 
putation in linking across the different series : 

0-05; 0-1005; 0-105; O-I5; O53; 1:0. 





Chart showing method of intercomparing bars and slip gauges. 


units, it had been found necessary to make a change in the 
sizes which had been accepted for them up to the then 
present. This determination had been unfortunately delayed by the 
war. The alteration in the sizes is proportional to the length of the 
gauges and is at the rate of minus twelve parts in a million. 
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In other words: 


A tin. piece would have to be increased by 0-000012in. 
A 2in. +e ‘ie - = 0-000024in. 


and so on: a I2in. piece being increased by o-ooo144in. and a yard 
bar by 0:000430in. on the old measurements. 

This means that all slip and block gauges made or certified before 
October, 1920, are definitely small by at least the whole tolerance 
allowed on this class of gauge, which is plus or minus o-oooorin. 
per inch of length. It is highly important that firms who desire 
accuracy should realise this point, as built-up combinations may 
include considerable errors, which are, of course, accentuated by 
wear. 

The great advancement by the National Physical Laboratory in 
making this determination will be best realised when it is stated 
that the alteration was 430 millionths for the yard, which is now 
known within 36 millionths of an inch. 

This brings us to a question not infrequently asked, ‘‘ What is the 
need of such high accuracy in engineering works? This question 
arises from a want of knowledge regarding the utility of accurate 
measuring as an aid to engineering production, and we propose to 
deal with it rather fully. It is acknowledged that if a piece of work 
is required to be made within so many thousandths limit, then the 
gauges must be made within limits whose unit is the ten-thousandth. 
A great many engineers stop at this point, but the gauge and tool 
maker has to carry the accuracy a step finer, and his slip and block 
gauges must be made to a unit of a hundred-thousandth. The manu- 
facturer of standards must by the same reasoning work in the 
millionth unit. 

An actual illustration may help. In a chapter on measure- 
ment in a work entitled ‘‘ Scientific Method,’ by A. D. 
Ritchie, he says, ‘‘ Let us first of all consider a simple and 
rough type of measurement such as pacing out a distance on 
the ground. The standard in this case is the length of a 
pace, and the measure of the distance the number of paces taken. 
The distance will not be any exact number of paces, though in some 
cases the difference will not be noticeable. Generally, it will be 
obvious that the distance is greater than n and less than n+1._ If 
the pacing has been done with precision and the conditions are 
suitable, we shall find, however often we carry out the process, that 
the distance is between n and n+1. This kind of uncertainty is 
what I shall call the inherent error of the measurement. Its size is 
determined by the ‘step’ of the instrument, which in this case is 
the human pace. That is to say, if a distance of one pace is the 
least we take account of, the greatest exactitude attainable is to 
determine the value of the unknown as lying between two consccutive 
numbers of steps. By modifying the procedure, the ‘ step’ can be 
reduced in size and consequently the inherent error. Thus, instead 
of pacing out the distance we might measure it with a yard stick 
divided in inches and reduce the step to an inch. Or, if we liked, 


we could reduce it to a tenth or hundredth of an inch without any 
difficulty. 
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‘‘Sometimes the length to be measured will appear to coincide 
exactly with a definite number of yards or inches or whatever it is 
that is our unit, but this exact coincidence is an illusion. If more 
refined methods of comparison are used, a difference will appear. In 
geometry we can deal theoretically with lengths that bear an exact 
ratio to one another, and we can define units that bear an exact 
relation to one another, but in actual measurement there is a certain 
vagueness due to the imperfection of our sense organs and other 
instruments that makes exact comparison impossible.” 

The deciding factor of high accuracy is the cost of getting it, both 
initially and in the practical application. If it costs too much 
initially, or in time taken in using it, it would not be profitable to 
apply it; and something of a lower accuracy would have to serve our 
purpose. 

High accuracy in itself is of no practical value unless it assists 
with the production of a high, or good quality product. 

That it does assist correct manufacture is shown by the following : 
Take an instance of where a fitting of two or more components is 
required to be of a certain order, as in the case of a ball or roller 
bearing; here, unless we have a genius to direct the sizes of things, 
it would be well to make a bearing, and, by “fitting ’’ it little by 
little, find out experimentally the best relative sizes—not too slack 
a fit to allow the balls or rollers to ‘‘ thresh ’’ the races, or too tight 
so that the whole is under a constant elastic strain. A bearing of 
this tvpe has been taken because experiments show that differences 
of 1 to 2 ten-thousandths of an inch affect the result. Having found 
our sizes, how can they be repeated in mass production? By the 
application of high accuracy measuring alone. Further, the bearing 
has to have a known outside diameter so that a purchaser can make 
a receiving annular recess to take it. How can one be assured de- 
finitely that correct assembly will take place? Only by reference to 
standard size and highly accurate forming of parts. 

Another example is furnished in the internal combustion high-speed 
engine. Assume that the cylinders and pistons have been experi- 
mentally fitted; the clearance between them has been adjusted to 
suit the lubricants used, and to reduce friction. Say that the fit was 
so nicely adjusted that with the particular conditions of the case the 
engine functioned well without the necessity of that ‘‘ working in ”’ 
process, which any thinking engineer knows is the beginning of 
the scoring out action that eventually converts a nicely running 
engine into a rattle-box. Having made our experiments, how to 
repeat them? The greatest aid will be given by having carefully 
measured all our experimental components so that they can be re- 
peated by future high accuracy methods. Take yet another case. 
We wish to drive on, or shrink on, one component to another, and 
to repeat this operation a thousand times. Would it not be worth 
while to make a thoroughly good job by trial and error, and then, 
having carefully measured all the parts, to reproduce these the 
thousand times as nearly as the price allowed for the job? High 
accuracy measuring would be the only means by which we could 
ascertain how poor a job would be likely to serve the purpose; and 
thus it will be seen that high accuracy gives a clue to how low an 
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order of quality of work will continually serve its purpose, which, 
of course, means how cheaply a job can be turned out with a cer- 
tainty that it will function properly or reasonably well, later, on 
assembly. 

To quote yet another case where accuracy is of value, assume a 
machine has been made in different parts of a works and the com- 
ponents are brought together for assembly. For economical reasons 
all parts will be finished as far as appearances go. The machine 
will have been designed following the principle of the accumulated 
knowledge of such machinery; and working clearances, etc., will 
have been specified and provided for in dimensioned drawings. On 
assembling, if the majority of parts do not fit, they get assembled 
haphazard each to each, and unless close supervision is made the 
designer loses touch with the job, and chaos occurs. Nobody knows 
really what has happened, such a chaotic assembly adds nothing to 
the knowledge of a firm, as it cannot be properly recorded. Against 
this muddle, let us assume the components are all made to proper size 
within reasonable limits and assembly goes forward with the designed 
precision ; until some detail causes a check. Then recourse to accu- 
rate measuring exposes the trouble and correct rectification can be 
made and record taken. In this case accurate measuring results in 
direct saving, and greatly adds to the accumulation of knowledge 
pertaining to the machines being made, and assists greatly the repro- 
duction of future similar machines. 

Johansson realised the need for this high standard of accuracy 
seventeen years ago when he introduced his slip gauges. Unfor- 
tunately, some misguided people in this country are manufacturing 
slip gauges to an inferior accuracy in order to make a cheap 
article. This, in the opinion of authorities, is a retrograde step, 
and should be condemned. These are not standards. What the 
authors themselves have set out to do is to make slip gauges 
and length bars on production lines to the highest degree of accu- 
racy and at a cheaper price than others can sell a vastly inferior 
article. That something has been accomplished in this direction 
is proved by the fact that the Pitter Gauge & Precision Tool Co., 
Ltd., with which the authors are associated, are selling these 
standard gauges now at more than 60 per cent. below pre-war 
prices; and if they receive the commercial support that seems likely 
to follow this effort, they will ultimately make slip gauges of the 
best quality cheap enough to be used as freely as other small tools. 

In order to consider another aspect of the need for accuracy, it 
is necessary to digress for a few moments. In the discussion at 
the Institution of Mechanical Engineers on Sir Richard Glaze- 
brook’s Thomas Hawksley lecture on ‘‘ Limit Gauging,’’ one of 
the present authors called attention to a point which seems to be 
sufficiently important to repeat, more particularly as it bears 
directly on the question of accuracy of product. He said :—‘‘ Limit 
gauges were adopted in order that (1) work might be made inter- 
changeable in quantities; and (2) to get an increased output with a 
less skilled workman than would otherwise be necessary. 

‘* Arising out. of the second of these reasons, it might be as 
well to look for a moment at the method of application of the limit 
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system in a very large class of work, namely, that turned out 
from capstans, rotary grinders, drilling machines, etc. The machine 
was set up to cut near the minimum size on a shaft, and the 
wear of the tool brought it in time near to the maximum size, the 
converse being the case with regard to holes. The maximum rate 
of wear of the tool would be in the earlier part of the operation, 
and would get slower towards the end. This could be shown 
graphically, as in fig. 1; the curve, however, made no pretence 
to being correct. The distance OB represented the wear of the tool 
to some convenient scale, and would be something less than half 
the limit of the work. OD was the time to wear the tool out; 
OC represented the proportion of work which took advantage of 
more than half the limit; and CD the larger proportion, which was 
within less than half the limit.” 


Wear in 
inches 











; lc lo 
Time 





Fig. 1—Wear of cutting tool. 


The life of a turning or other similar tool varies according to 
the radius of the nose of the tool, other conditions being constant. 
The radius of the tool being 1, the life varies as r*/*. A curve can 
be calculated on this basis, taking r as 1, 2, 3, 4...... n units, which 
conforms very nearly to actual practice, showing that 60 per cent. 
to 70 per cent. of the work off a machine which has been ‘“ set 
up ’’ comes off to less than half the allowable limit. It may be 
necessary to point out that this only applies to machines which are 
“‘ set up.”? If a man is turning, milling, or grinding, individual 
pieces to a limit gauge, it will generally be found that, instead of 
taking advantage of the limit, he makes the part a fit to the ‘* go ”’ 
end of the gauge, thereby causing greater wear on the gauge 
and taking additional time on the job. 

The foregoing illustration where work is ‘‘ set up” has been 
given to show the considerable economy which can be effected in 
allowing the fullest possible limit to the workman. 

Limits are necessarily governed by the class of fit desired, but 
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generally speaking an unfair proportion of the production man’s 
limit is deducted for the gauge maker’s tolerance. Take an 
example :—On a rin. second-class hole and a tin. low-grade 
running fit a limit will be allowed of 0-003in. between the maximum 
hole and the minimum shaft. There will be four gauges to govern 
this, viz., ‘‘Go’’ and ‘* Not go’”’ for each part. With a gauge 
maker’s tolerance of o-ooo1in. on either end of each gauge the limit 
to the workman producing the goods is reduced by 13 per cent. 
A low grade of fit has purposely been selected. On a first-class 
fit a similar gauge maker’s tolerance would absorb nearly 25 per 
cent. of the producer’s limit. 

While dealing with the question of limit and cylinder gauges, it 
might be as well to point out that the majority of such gauges 
are ground only, and not lapped. Now, grinding even of the best 
quality leaves a series of ripples, and the measuring size of the 
gauge is only on the ridges of the ripples. The ridges will wear 
down very rapidly, and the gauge will have lost its size. The 
depth of these ripples on good grinding is in the order of o-ooo1Sin., 
which may mean o-o003in. on diameter. Hence the advisability 
of lapping gauges is evident. Another error very common in cylin- 
drical gauge work is, of course, ‘‘ want of roundness ’’; and, inci- 
dentally, it may be said, want of roundness is a more prolific source 
of later trouble than engineers generally seem to be aware of. 

A tolerance on gauges of o-ooo1in. has been assumed, but from 
the authors’ experience it is seldom that this is obtained. Very 
often too much reliance is placed on the micrometer as a tool 
for gauge measurement. While a micrometer has now become an 
indispensable tool, it has its limitations, and making gauges within 
a ten-thousandth by its means is one of them. A micrometer is 
not a reliable measuring tool to this order of accuracy without 
reference to standards. 

A frequent error in shop micrometers is want of squareness in 
the anvil and screw faces. This is particularly evident when a 
micrometer is calibrated on a slip or other parallel faces, and 
measurements are to be taken on cylinders. In other words, the 
micrometer will be calibrated on the high points of anvil and screw, 
but the chances against the high points coming into position on a 
cylinder are possibly about 100 to 1. One does not often see micro- 
meter anvils lapped in a workshop, yet they are a fruitful source 
of error. 

We are now in a position to come to some conclusions regarding 
the general question of limit work. 

Tables of limits have been compiled to control the quality of the 
work over a range of sizes, thus ensuring uniform quality of work. 

If tables of limits mean anything at all, it is that even the worst 
work must fall within the stated limits. It does not mean that 
gauges should be made in the first instance to the limits, and then 
allowed to wear possibly o-ooo5in. or even o-oo1in. before being 
scrapped. It is the ‘‘ go’’ end that wears, and if an additional 
thousandth or half-thousandth is allowed, then the hole is going 
to be that much smaller, and the shaft that much bigger, and the 
result is interferences. Production engineers must pay more atten- 
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tion to tables of limits, be those limits ‘‘ wide ”’ or ‘‘ fine,”’ if uni- 
formity of production is to be economically attained. 

From how many British firms would it be possible to obtain a 
spare part of a machine or a car that would assemble and function 
properly without adjustment? Against this question it is possible 
to buy Ford spares and put them in position on the road. During 
the recent fog, one of the authors saw a Ford car, which had 
been badly damaged, in a collision, having a greater part of the 
front of the car replaced with spares on the road. 






































Fig. 2.—Standard reference bars. Fig. 4.—Generator comparator. 


The objection may be that Ford limits are very wide. We cannot 
speak with authority on this point, but it rather begs the question. 
Wide limits are economical for lower-grade manufacture. The 
point we wish to emphasise is, that, having established limits, 
they do adhere to them. Finer limits are necessary for higher- 
grade manufacture. All works should establish an efficient check 
upon their gauges. Gauges which are not made accurately either 
take from the production man’s limit or allow work to pass outside 
the limits; therefore, reference to standards is essential. A micro- 
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meter without proper checks is not usually a sufficiently accurate 
tool for inspection of gauges. It should not be used without refer- 
ence to proper standards. Generally speaking, it pays to have 
working gauges of lapped finish. 


Standards. 


The authors in their endeavour to ensure a universal and 
absolute consistency of size in the ‘‘ reference ’’ and ‘* work- 
shop ’’ standards, have found it necessary to provide themselves 
with ‘‘ parent ’? standards whose actual length has been compared 
with, and determined in terms of, the authoritative primary stand- 
ards of each country. 

It will be understood that size, when referred to a particular 
arbitrary standard length unit, made of any material subject to 
thermal change of form, is inseparably connected with some arbi- 
trary standard temperature. Hence the “ parent ’’ standards have 
to be compared with the primary standards, both as regards length 
and temperature comparisons. 

This work can only be done by the authoritative institution of 
each country, namely :—In England the National Physical Labora- 
tory; in France the Bureau International de Poid et Mesure; and 
in the U.S.A. the Washington Bureau of Standards. 

Unfortunately, for a scheme of universal consistency of size, as 
well as difference in length of the arbitrary units of each country, 
there is also inconsistency in the arbitrary standard temperatures 
adopted. 

The English measure.—Imperial standard yard at 62° F. 

The French measure.—Metre at 0° C., with comparisons for 
practical purposes at 20° C. 

The U.S.A. accepted measure.—Adopted English yard at 68° F. 

The U.S.A. legal measure.—The French metre at 20° C. 

Both English and U.S.A. standards are ‘ line-measures,’’ and 
it may be said that there is a very great difficulty in making the 
conversion from ‘‘ line ’’ to ‘‘ end-measure.”” The N.P.L. claims 
an accuracy within one part in a million in making the comparison, 
and although this involves differences amounting to slightly more 
than one-third of a ten-thousandth of an inch on the 36in. length, 
it must be regarded as a great achievement in scientific measuring. 

The authors intend to provide themselves with ‘‘ parent ’’ stand- 
ards (two of each), which will be periodically checked against the 
primary standards of each country, and with this end in view they 
are in direct communication with the competent authority in each 
case. 

In this work it should be mentioned that all engineers who 
realise the value of universal consistency of size are indebted to 
Mr. George Blay, of New Malden, Surrey, who is (in the interest 
of providing absolute size, as near as can be ascertained by scientific 
and engineering endeavour) bearing the cost of providing these 
accurate parent standards from which all sub-divisional sizes are 
generated in the manner already described. 

It is because the ‘‘ parent ’’ standard cannot be certified to 
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closer than one part in a million that the authors have had neces- 
sarily to confine the accuracy of all sub-divisions to that limit. 
By their methods, however, it ought to be said that they can, 
once the ‘‘ parent ’’ is established, compare their standard sizes 
within a millionth of an inch. 

The Royal Commission that created the English standard yard in 
1855 made no attempt to sub-divide that unit beyond the statement 
that it was nominally divided into thirty-six parts, called ‘‘inches ”’; 
and wisely too, it may be said, because in the nature of things its sub- 
division is unlimited, and the degree to which it can be economically 
carried will depend upon recurring requirements. 

Once upon a time, when foot-rules, divided down to hundredths of 
an inch, were used, the thousandth of an inch was looked upon with 
awe as the finest division required—or possible. 

Sir Joseph Whitworth’s developments in accurate measuring (the 
micrometer screw and divided head principle) were introduced, and 
engineers became familiar. with the awesome jpbein., and the 
iodooin- became the highly respected accuracy limit. 

During the late war the National Physical Laboratory, in assist- 
ing the country to cope with the urgent demand for colossal quanti- 
ties of interchangeable engineering products, expounded the necessity 
of working to the ;5)g9in. unit to ensure absolute inter- 
changeability in the coarser units of thousandths; and manufac- 
turers, who at that time considered this scientific lead as beyond the 
bounds of all possibility, now, one can venture to say, habitually 
dimension their drawings for certain work in pin. units. The 
recognition by the National Physical Laboratory authorities of the 
universal necessity of working to the fine limit of ;g}ogin. to 
ensure interchangeability in a coarser unit is a bold and great con- 
ception worthy of our admiration. 

This is not to say that some few of the more enlightened indivi- 
duals in the commercial engineering world were not using a 
iosooin. unit, or that they had not recognised the great necessity 
of finer measuring; in fact, without the co-operation of these mcre 
enlightened people the difficulties of the task of compelling the use 
of the ten-thousandth unit in 1915 might have been almost insur- 
mountable. 

The authors have always maintained that reference standards 
should be accurate to size. To make this clearer, it is better to 
add that they deprecate the general use of so-called standards tl.at 
are, say, no nearer to size than o-oootin. to 0-0002in., but which are 
certified, say, by the National Physical Laboratory to the fifth place 
of decimals, and in taking sizes from which certain reductions have 
to be made. Such standards are dependent, and not independent, 
standards in the sense that they cannot be made use of without some 
outside adjustable measuring apparatus, which itself may or may not 
be accurate. The authors have found that it is possible to make 
standards true to size within one part in a million on all lengths 
from 1 to 36 inches, and easily possible to make workshop standards 
to within five parts in a million. If workshop standards can be 
turned out commercially to within this accuracy, there is a simple 
reply to the question, ‘‘ Why waste time using inaccurate standards 
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that require additional accurate measurement to make use cf 
them? ”’ 

A point that is often missed by practical men is that the greater 
the error contained in the reference standard from which a size is 
taken, the higher the degree of measuring accuracy required to get 
a true size from that standard, resulting, obviously, in controversy 
and loss of time. 

It is not an unfair statement to say that to get the size from an 
inaccurate length-bar it requires the use of a very high-class measur- 
ing machine. Then, as this measuring machine cannot, excepting 
in rare cases, be applied to the actual work, some intermediate steps 
have to be introduced in transferring the size to the work, involving 
extra cost and generally resulting in error. Conversely, if a standard 
is accurate to size, almost any kind of indifferently accurate tool or 
instrument may be used to transfer its size to the work to be 
measured by the agency of ‘feel ’’ without reference to the gradua- 
tion of the measuring tool, excepting to judge the nearness of size 
of the work to the size required. 

From the foregoing it will be seen that to apply the principle of 
using standards of definite and true length in themselves, we should, 
if we work in steps of ;54g9in. up to, say, 18 inches, require 
180,000 standards. Such large numbers of standards are economically 
possible only by a system of built-up combinations, such, for instance, 
as can be obtained from sets of graduated serial sizes as the fol- 
lowing, from which all sizes in steps of ten-thousandths of an inch 
are obtained from o-2in, to 36in. 


Size in Inches. 

(1) 36, 30, 24, 18, 12. 

(2) 6, 5, 4, 3, 2, I. 

(3) 0-9, 08, 0-7, 0:6, 0:5, 0-4, 0-3, 0:2, OT. 

(4) O19, 0:18, 0-17, 0-16, 0-15, 0-14, 0-13, O-12, O-II. 

(5) 0-109, 0-108, 0:107, 0-106, 0-105, 0-104, 0-103, 0-102, O-IOT. 

(6) 0-1009, 0-1008, 0:1007, 0:1006, 0-1005, 0:1004, 0:1003, 0-1002, 

O-1001. 

(7) 0:09, 0:08, 0:07, 0:06, 0:05, 0:04, 0:03, 0°02, 0-01. 

In all 56 pieces, making a total length of less than 150 inches. 

Any of these components are used singly or in combination, as :— 

A 12in. bar for 12-o000in. length; and 

12+0:1001+0:103+0-12+0-2 for 12-5231in. length 

All the components must have flat and parallel surfaces to the 
order of accuracy given, and all will then “wring ’’ together. 

The phenomenon of wringing is explained under “ wringing 
action.’’ 

Wringing action alone is sufficient for reference standards only. 
For workshop standards the authors have devised a more permanent 
form of holding the components together against the hardier treat- 
ment to which they are subjected in workshop practice. 

Both types are on view, and members can inspect them at leisure 
at the conclusion of the paper. (See fig. 3.) 

For workshop standards the series (1) and (2) given above is 
modified to :— 


(2a)-31,- 23, 1%. 
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Ga) S, 7, 6, 5,4, 3, 2, 1 atid 1. 

(3a) 1, 0-9, 08, 07, etc. 

Other series as before. 

Each of the bars in series (1a) and (2a) is screwed internally at 
one end only to admit insertion of a barrel screw for the joint. 

This modification is required to enable any length, in steps of 
single inches, to be built up by the use of only two bars with the 
barrel-screw joint between the ends, which, when the bars are joined, 
are truly flat and parallel to each other; thus any built-up bar is in 
appearance and to all intents and purposes the same as a solid bar. 
The sub-divisions of the inch are given by combinations of the other 
serial sizes to the nearest ,5}55in., which are held on to the ends 
of the composite bars by wringing, assisted by special collets, which 
latter also hold the necessary jaw pieces for converting ‘outside ”’ 
to “inside ’? measure, 




















Fig. 3.—Workshop end bars. 


This form of workshop standard, developed by the authors, fulfils 
practically every accurate measuring requirement arising in general 
workshop practice for all lengths up to 4oin. ; it obviates entirely the 
use of the usual cumbersome type of measuring machine. 

It has been remarked that standards to be effective must be of a 
true length; therefore, the physical conditions of the material of 
which they are made must be such that they will be immune to 
(a) changes due to “‘ageing,”’ (b) those due to wearing in use, and 
(c) restricted as to the temporary changes due to temperature varia- 
tion. Change (a) is termed secular growth, and usually takes the 
form of an increase in length, and, though of comparatively small 
quantity, is often outside the “limits ’’ proposed for these bars; it 
can, however, be practically eliminated by special heat treatment of 
the bars if they are properly hardened initially. Change (b) can be 














ACCURACY IN PRODUCTION ENGINEERING IoI 


minimised by hardening the bars so as to obtain the maximum stable 
degree of hardness, viz., the martensitic state. The change (c), due 
to temperature variation, cannot be controlled, but the effect of the 
unavoidable temperature change can be largely eliminated by making 
the standards of such material that the coefficient of thermal expan- 
sion will be closely equal to that of the work to be measured. The 
standards are, of course, true only at the standard temperature of 
62° Fahr., but although it is not practicable to keep any ordinary 
workshop thermostatically controlled, we can, nevertheless, measure 
work whose coefficient of thermal expansion does not vary greatly 
from that of the standard bars in any ordinary ranges of workshop 
temperature within the accuracy—i.e., ;j}g9in.—that is allowed. 
A suitable material for the standard bars, one whose thermal expan- 

















Fig. 5.—Testing gap gauge with slips. 


sion coincides with the largest class of general engineering products, 
is a cast steel of the following composition :— 

Carbon, 1-00 to 1-2 per cent. 

Sulphur, less than o-1o per cent. 

Phosphorus, less than 0:20 per cent. 

Manganese, o-19 to o-2 per cent. 

Silicon, o-1 to 0-2 per cent. 

Nickel, nil. 

Chromium, nil. 

Such a steel in a normalised state will have a constant coefficient 
of thermal expansion of o-o00011 to o-oo0012 per 1° C. per inch over 
a range of 10° to 25° C. 

This coefficient will be considerably greater for the same steel if 
hardened ; moreover, the coefficient is erratic in hardened steel pieces 
of different forms, even when of the same composition. Steel in a 
normalised, or annealed, state has no measurable secular change, but 
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it is obviously not hard enough to resist wear in ordinary use. From 
the conflicting nature of the conditions essential to an efficient form 
of standard for scientific and practical measuring, it was early under- 
stood that the ends of the bars would have to be hardened for a 
minimum depth only. This has now been accomplished by means 
of a special electric hardening apparatus, and it is found easily 
possible to harden the ends of the bars for a depth of only o-15in., 
leaving the middle portion in an undisturbed (pearlitic) state on Lars 
even so short as }in. A remarkable uniformity in the hardening is 
obtained by a simple timing process, and the hardness obtained is 
the highest stable form, viz., martensite. A sample of a hardened 
piece is exhibited, cut so as to show the definition of the annealed 
and hardened portions, 

In standard bars hardened in this manner the secular growth is 
practically nil, being confined to hardened portions, and the change 
due to temperature in the greater portion (unhardened) of the bar 
is closely equal to that of the largest class of work met with, and 
the hardness against abrasional wear is the highest possible for cast 
steel or high carbon steel. The main body of the bars, being of 
cast steel, is sufficiently hard in a normalised state to resist any 
permanent change likely to occur from comparatively rough usage. 


Form of Standards. 


A point of importance in solid or concrete standards of length is 
the form they should take. Here the principal desideratum is per- 
manence of length under most conditions of use. The unavoidable 
temporary change due to temperature variation has already been 
dealt with. There is also another temporary change to be con- 
sidered—that of bending, which in the case of length bars having 
a cross sectional depth less than one-fifth (about) of their length, 
has to be provided for. 

In relation to form, permanent change of length most likely to 
occur is that due to abrasional wear in use. Abrasional wear can be 
largely provided for by hardening and making the measuring surfaces 
of sufficiently large area. 

The N.P.L. has adopted length reference standards in the form 
of circular section bars of jin. diameter with flat ends for the inch 
divisions of the yard: and a tin. circular section bar for their 
metre reference standard also with flat ends. (These N.P.L. stan- 
dards are made under agreement by the patented apparatus employed 
by the authors.) The authors retain the circular form of bars of Zin. 
diameter with flat ends for all lengths from 1in. upwards, as being 
the best form of measuring bar for all practical purposes, and for 
the sub-divisions of the inch a rectangular section bar of 1-375 X0-35in. 
cross section. 

The requirement of form to avoid wear, increases the disturbing 
effect due to bending, and hence provision should be made in the 
form of the bars to counteract the bending effect. This is done 
by forming two Nodal bands on all reference bars of 5in. and over, 
the bands being so placed that when the bars are supported at these 
two points, the sagging of the centre portion counteracts the sagging 
of the ends and the measuring surfaces remain always parallel to 
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each other. Then as the bars are of circular section it is obvious 
that these Nodal bands must be perfectly round in themselves and 
square with the axis of the bars within the order of accuracy 
aimed at. 

This is one of the most difficult details of the manufacture of 
reference standards. 

Bars of this form will not change in length or parallelism of 
measuring faces when supported upon any surface that is in contact 
only with the Nodal bands. 

Length measuring bars with spherical shaped ends are often em- 
ployed, but they are not to be recommended for workshop use as 
the measuring length is maintained by a single (virtual) point only, 
which is liable to rapid change by abrasion. 

















Fig. 6.—Jaws for use with slip and block gauges. 


For special cases where spherical ends are most convenient the 
authors provide special end-pieces to their combination workshop 
standards. The wear of these end-pieces can be easily measured from 
time to time by comparison with the other components of the stan- 
dards. These end-pieces are numbered and records of their change 
of length can be kept. 

The interesting question as to how these standards are made true 
to size has been dealt with to a great extent in the National Physical 
Laboratory’s Reports for 1921 and 1922, and in the technical press 
generally during the autumn of 1923. 

Full sets of standards, both reference and workshop (see figs. 2 
and 3), will be on view at the end of this paper, together with 
apparatus for applying the standards to work. (Methods of manu- 
facture and generation of size were demonstrated by slides and, as 
far as practicable, by apparatus.) 
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From this it will be seen that anyone possessing the apparatus 
described and a true “parent’’ standard bar of suitable form, 
could, without any other reference, manufacture all the other parts 
composing the ‘‘ natural’? sub-divisions of the length of the 
‘‘ parent’? bar, and thus sub-divide, first into inches, and 
then successively sub-divide the inches into 7#ths, tésths, wboths, 
rodogths, and yygoq0 ths to the limit of fineness of the measuring 
possible, which with the apparatus described, is possible to finer 
divisions than one-millionth of an inch. 

Others have claimed this accuracy, for other ways and means; 
but in all the claims investigated by the authors it can be shown that 
all other methods fall short of this extreme degree of fineness, or 
that they are only comparative to that order of fine measuring; and 
are not means in themselves by which any one division, as, for 
instance, one inch, could be produced in terms of a parent standard 
of 36 inches, to a true size within one part in 1,000,000, upon a system 
of direct generation. 

It will be obvious that the same measuring apparatus—the generator 
comparator—will also serve for checking the reference standard bars 
when made, and also for the inspection of the workshop bars, as 
compared with the reference standards. Hence the authors have 
made available, at reasonable cost, a complete system of measuring 
which comprises :— 

(a) Comprehensive sets of workshop combination standards for 
practical use in workshops, giving all sizes in steps of o-ooo1in from 
o-2in. to 4oin. 

(b) A set of reference standards with which the working standard 
can be periodically compared. 

(c) A generator comparator by means of which the comparisons 
between (a) and (b) can be readily made, by persons of ordinary 
skill in measuring ; and such comparisons can be made without refer- 
ence to the standard temperature by reason of the method employed 
combined with the fact that all the standards have very closely the 
same coefficient of thermal expansion. 

This has not been done before, and as a system is a great advance- 
ment on any other known means, as, not only does it provide the 
reference standards and workshop standard, but it provides also the 
means, in a highly convenient form, of checking the accuracy of the 
whole system. 

This accuracy can be checked without reference to anything else 
excepting the 36in. standard bar—the longest piece in the English 
system. This is of value, as only this one piece need ever be referred 
to the national competent authority—in our case, the N.P.L. 

One set of proportional comparisons is given in the accompanying 
table. This is the easiest one to manipulate and requires no arith- 
metical reductions to determine the relative sizes if a set of additional 
gauges of 0:05, 0-1005, 0-105, 0-15, 0-5 and 1 inch, are provided. 
Without these additional gauges computation would be necessary. 

The workshop standards would be compared with the reference 
standards by direct comparison, i.e., differences being given direct. 

The generator comparator also checks parallelism of the measuring 
faces, which is an important quality to maintain. It also tests 
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flatness, but this is more readily tested by means of a crown glass 
optical flat—this latter is also the best test for burrs on the faces. 

In Appendix II. will be found an extract from the National Physical 
Laboratory Report for 1921 showing one of the methods used for 
testing flatness of faces of end bars by interferometry. 


Value of Accurate Standards. 


The authors are endeavouring to establish reference standards in 
the inch divisions of the yard, true to one part in a million; and in 
all the sub-divisions of the inch division of ,;g}g,5in- true to 
within a millionth of an inch, not because of any immediate require- 
ment, so much as to keep ahead of requirements. 

Such a high accuracy is not required for reference standards in 
commercial work generally, and therefore the highest accuracy stan- 
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Fig. 7.—Slide gauge with jaws, slips and block gauges. 


dards at present offered to the public, as meeting any modern engi- 
neering requirement, have less accuracy, viz., 23 parts in a million for 
all inch divisions of the yard, and in all the sub-divisions of the inch 
true to within 2} millionths of an inch. Similarly for practical work- 
shop standards, 5 parts in a million for inch divisions and a corre- 
sponding accuracy for the sub-divisions of the inch, is estimated to 
meet the most exacting requirements. 

The reason for the lesser accuracy in the workshop standards results 
from a balancing of original cost of production with the value to be 
derived from the practical use of high accuracy measuring standards. 

The authors claim that there is a great value in standards of 
definite length that have the highest intrinsic accuracy required for 
their particular purpose, as all standards then represent true sub- 
multiples of a universal or common unit. An analogy may be given 
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to show the practical utility of an accurate common unit and one 
closely allied to linear measurement ; the unit of our time clock. Any- 
one knows the value of an accurate common unit-timepiece in daily 
dealings with his fellows. On the other hand who would care to 
possess a 13-hour timepiece, even if he knew its relative accuracy, 
involving troublesome computations every time he needed to consult 
the time of the day. True, he would soon memorise that lunch 
time was “‘ one something ”’ instead of one o’clock ; but what a mental 
“swat ’’ to meet a 1.25 p.m. train! 

















Fig. 8.—Testing jig with slip and block gauges. 


Accurate standards to the common unit, avoiding the necessity of 
any reducing computations, appeal to common sense as an element of 
value in a workshop, where almost every operation involves a con- 
sultation of relative size, as much as does an accurate timepiece to 
a sense of efficiency in our daily movements. 


“Wringing” Action. 

It is well known that when two truly flat surfaces of fine grain 
solids, as metals, glass, etc., are brought together by pressure and 
by sliding one upon the other they cling together. This clinging 
of true surfaces is commonly called wringing. 
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The phenomenon has doubtless been long known in connection 
with glass optical ‘‘ flats,’ and Sir Joseph Whitworth discovered 
it in connection with metal surfaces. Shortly after Whitworth’s 
discovery, Professors Huxley and Tyndal debated the cause of 
wringing action, the former inclining to the theory that atmospheric 
pressure produced the phenomenon, whilst the latter disproved the 
theory by conducting experiment in a vacuum. Finding that the 
surfaces still adhered, even after a considerable weight had been 
hung on to the lower plate, Prof. Tyndal assumed that, in sur- 
faces lying in such intimately close contact, a state of inter- 
molecular attraction existed between them. 

According to the authors’ experiments, neither of these theories 
appears to be a true explanation of the phenomenon. It was found 
quite impossible to get a ‘‘ wringing ” effect between perfectly 
clean and dry surfaces, in dry air; also that it is not possible to 
bring two truly flat surfaces of appreciable area into actual solid 
contact by applying a pressure normal to the surfaces, when in 
air with an air-film between them. ‘Taking two closely true flat 
surfaces of cast-iron, one 30 sq. in. area, the other 55 sq. in. area, 
both sufficiently proportioned to avoid bending, it was found impos- 
sible to bring them into metallic contact by pressure above with 
an air-film between them. One will slide upon the other with a 
smooth and almost frictionless movement, lubricated by the air- 
film which lies between them. The thickness of the air-film will 
not be less than j,j},5in.; even heavy pressure does not 
materially reduce this thickness, as shown, when the pressure is 
removed. The two surfaces in this case were circular discs, and 
when the area of contact is reduced by bringing a small part of 
the edges of the discs overlapping, and sliding the two together 
until the whole area of the smaller is upon the face of the larger 
disc, a very intensive wringing action takes place. The presence 
of a definite and slight grease-film between the surfaces greatly 
intensifies the wringing action, making a considerable force neces- 
sary to separate the discs. 

Experiments with smaller area hardened steel pieces of accu- 
rately known thickness reveal a very interesting phenomenon of 
wringing action, which is, that when two pieces are wrung together, 
the measured overall thickness of the combined pieces becomes less 
than the added sizes of the separate pieces by about one-millionth 
of an inch. It was observed that the smoother the surfaces tested, 
the lesser the difference between the combined and separated thick- 
nesses. When small area (about 3 sq. in.) pieces are chemically 
clean, they resist any attempt to secure a wringing action in dry 
air; admit the slightest grease or moisture-film between them, how- 
ever, and they will at once wring together with surprising tenacity. 
The smoother the surfaces, the more intense the wringing action 
becomes. 

It is practically impossible to clean comparatively large surfaces 
from every kind of liquid- or grease-film, and therefore wringing 
will almost always occur when these are truly flat. 

The presence of the pronounced grease-film would merely act 
as a lubricant between the surfaces, and prevent wringing. 










108 THE INSTITUTION OF PRODUCTION ENGINEERS 


From the foregoing it is suggested that wringing action cannot 
take place between flat surfaces unless a liquid- or grease-film is 
present between them; and then only when the film is brought 
down to molecular thickness; therefore, the flat surfaces when 

























































































Fig. 9.—Testing tapers with slip gauges and rollers or balls. 
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wrung are held together by virtue of the tensile strength of the 
film lying between them. The films must prevent the surfaces 
coming into actual contact, and hence molecular attraction cannot 
take place. 

The reason why the wrung-together combined measurement of 
pieces is less than the added sizes of the separate pieces is probably 
due to the innumerable minute ridge furrows, produced by the 
abrasive during the lapping process, lying into each other, when 
wrung together. 

Some exceedingly useful and interesting work on ‘ wringing and 
wear of gauges,’’ extracted from the National Physical Laboratory 
Report for 1922, is given in Appendix III. 


From these experiments it might be assumed that the thickness 
of the wringing film may affect the overall sizes of combinations 
of large numbers of pieces; unless it is realised that wringing 
always includes a film of some liquid or grease, the variation of 
sizes in which (o-ooooo!I in.) is negligible. The size of a gauge, when 
made under the authors’ generating principle, is at all times—during 
manufacture and in subsequent use—that of a gauge and its prac- 
tically inseparable film. 

From these experimental results it appears that properly har- 
dened gauges have a sufficient resistance to wear, in ordinary use, 
for all practical purposes. At the same time, it should be observed 
that after some years’ use in workshop conditions slip gauges are 
found to wear outside the limits of measuring usefulness; when 
worn to this point, they should be completely destroyed, and not 
used as lesser important measuring standards. 


Practical Measuring. 


All practical measuring is of the nature of comparison, 
necessarily, because to maintain uniformity amongst many, all 
must refer to a common unit, or standard. Take the 
instance of comparing a cylinder of 12in. diameter with a 12in. 
rule; this is called measuring the diameter of the cylinder, and in 
it we assume a common standard in the rule. 

Now, if we required an accurate measure, for some special 
fitting of component parts to the cylinder, there is no doubt we 
should not trust, finally, to the 12in. rule for the determination 
of sizes. Assuming it to be uneconomical practice to fit each part 
to another, we arrive at a point when the question, ‘‘ What is the 
best method of measuring the sizes? ’’ presents itself; and the 
reply can only be found by careful analysis. 

Defining the general case of measuring mostly practised in 
engineering workshops, we shall see that it is almost entirely a 
measuring of shapes and sizes of work; either, or both, inside 
and outside the shapes, during the process of making component 
parts. This, according to the intricacy of shape, may require 
a variety of measuring tools, all of which should refer to some 
common measure—one might add, as nearly as possible. 

Next to this, inspection of the finished work occurs, to ascertain 
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“if the finished parts will pass the specification of requirement; 


and here we deal also with shape and size, and perhaps, with 
greater care, we refer to the common measure. This gives us pro- 
duction of parts or components of a whole machine, for the correct 
assembly of which we are trusting to accuracy of measurement. 

It may be observed that reference to a common, i.e., a universal, 
standard, is not essential to proper assembly and functioning of 
component parts, as witness the case of the ‘‘ Enfield inch,” which 
is not 1-36th part of the standard yard; but it is the only way 
that interchangeability of parts can be made amongst several 
manufacturers. 

Repeating the remark that absolute accuracy, as well as being 
unattainable, is not required in general engineering products, that 
if made within certain ‘‘ limits of accuracy ” suitable to different 
cases, interchangeability of parts and rapidity of production are 
both maintained, we bring analysis to a point where it would appear 
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Fig. 10.—Testing tapers with slip gauges and rollers or balls. 


that a complete system of accurate limit gauges, with suitable 
‘** tolerances,”’ of all shapes and sizes, would answer the question. 
And this reply would be correct for a strictly limited number of 
shapes and sizes to be made; but with the general greater variety 
of work required, the original cost of making the gauges would 
not result in economical production. Then, further, assuming the 
sizes and shapes required to be sufficiently limited in number, and 
the required output large enough to warrant making the gauges, 
and that correct and proper interchangeability of parts is to be 
assured by suitable tolerances and allowances, as demanded by 
mass production, these limit gauges would always require to have 
a high accuracy amongst themselves. 

Also, if the product is to assemble with other manufacturers’ 
products, a high intrinsic accuracy in terms of the common national 
standard is required. 

So far, we have no reply to the question generally. A universal 


ACCURACY IN PRODUCTION ENGINEERING rx% 


‘* shape and size’’ gauge is impossible, obviously, but we are 
getting closer. 

Analysing thus far, we realise that the limit gauges themselves 
and their tolerances have to be measured. A shape and size 
gauge can only be measured wholly simultaneously by other corre- 
sponding shape and size gauges. We can, however, measure any 
concrete shape and size, piecemeal, by resolution to co-ordinate 
from a base, by linear measure alone. Therefore, the reply at this 
point is linear measure; but this reply is qualitative only, and 
we have still to find the best type of linear measure for the general 
case. 

That limit gauges can be made adjustable over a range of size 
does not preclude the necessity of accurate adjustment to certain 
sizes. 

The general case is measuring outside or inside of solids, usually 
of iron or steel, and other metals, which, according to the com 
plexity or intricacy of shape, may require a variety of measuring 
tools to determine true size, all of which must refer to the common 
standard. These measuring tools become almost always simply 
conveyors of true size, as ascertained by comparison with the linear 
measure standards. Then, under all conditions so far analysed, we 
can say with practical certainty against contradiction that a solid 
form of linear measure is the best method of measuring for 
engineering products. Then the measuring tools of whatever class 
can be first adjusted to the solid measure, and its size transferred 
to the work. 

The authors’ system of workshop standards appears to provide 
every condition required of a universal standard. In a great 
variety of cases these standards can be applied directly to the 
work, without the intermediate transfer by measuring instru- 
ments, but no appreciable error is likely to occur where measuring 
instruments are always ‘“‘ set up’”’ to accurate standards. That 
such standards have not been generally adopted in the workshop 
is probably due to their very high price in the past. 


The Use of Standard Block or Slip Gauges. 


It is the opinion of the authors that the great use of slip gauges is 
not realised in more than one per cent. of the engineering tool rooms 
in this country. The recent reductions in price of English-made slips 
make them accessible to all tool rooms and inspection departments 
for general use. Even at the old price they believe that large tool 
rooms lost the value of several sets of slips per annum through their 
mechanics not having true size accessible for all jobs. 

In many works it is still the practice in jig boring to use ‘“‘ buttons ’ 
set with a micrometer, the job being set-up for boring on a lathe or 
milling machine with a clock indicator. . 

In other cases, a hole is bored, to fit a small plug in an approxi- 
mately correct position and tested by means of a micrometer or 
vernier, the position of the hole being adjusted to suit the error 
found, and the hole bored out to a slightly larger size and re-tested 
and re-adjusted. The operation is carried out until the operator 
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thinks he is within the required limits. Of course, he may still 
encounter trouble, as the inspector may read the vernier a thousandth 
or two different from him and send it back for alteration. It is 
equally likely that they are both wrong. 

The obvious way to do jig boring, whether the operation is carried 
out on a special jig boring machine, lathe, or milling machine, is 
to use standard block gauges and move the work or the table in 
vertical and horizontal components by means of solid contacts with 
these gauges. Positions can then be located to a high degree of 
accuracy with the minimum of trouble; moreover, the work can be 
checked by the inspector with similar tools without fear of dis- 
agreement. 

Precision angle work is, of course, executed by means of a sine 
bar, whether the work is done on a milling or other machine. 
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Fig. 11.—Testing tapers with slip gauges and rollers or balls. 





Accuracy in the finished jig is a point to be considered. It is useless 
to insist upon jig boring or other position work to be made to o-oo05in. 
if o-002in. would be of sufficient accuracy. On the other hand, it is 
not always possible to consider the limits for one jig or fixture by 
itself. The product which is to come off any particular jig usually 
has to assemble with products off other tools and these must be con- 
sidered. If by spending more on an accurately made fixture, time 
can be saved in assembly, then it is money well spent because the 
jig cost only occurs once. 

Slip and block gauges are used throughout, in the work with which 
the authors are connected, for determining all limit dimensions 
whether on jigs, fixtures, or gauges, and are accessible to all work- 
men in the shops. 

It is obvious that a gap gauge can be tested for size by means of 
slip gauges as in fig. 5. It is also generally realised that measure- 
ments can be taken internally or externally by means of jaws of 
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different shapes as shown in fig. 6, when provided with some suitable 
means of holding as in fig. 7. It is not always appreciated that the 
only accurate method of testing a jig (as in fig. 8) is by means of 
slip gauges and accessories; moreover, it is the most convenient. 

A common requirement in a workshop is to check angle work of 
various forms. This can invariably be carried out by means of rollers 
or balls and slip gauges. A few examples are given in figs. 9, 10, 
and 11, which are self-explanatory. 

Practical measuring, of course, involves the use of a variety of 
appliances. A few of these only will be reviewed as they are too 
numerous for full mention in a paper of this character. 


The Micrometer. 


This instrument, even in the well known form of small hand- 
tool, is of more distant origin than is generally supposed. 
There is amongst the James Watt relics at South Kensington 
a screw and thimble micrometer of about jin. capacity that in all 
essentials closely resembles the improved tool of to-day. Whit- 
worth introduced this class of measuring apparatus in the form of a 
micrometer measuring machine about seventy years ago. 

At the present time no workman’s tool kit is complete without a 
micrometer, yet this measuring tool which has been marketed in its 
present form for over thirty years was not in general use in English 
workshops ten years ago. The micrometer serves many useful pur- 
poses of measuring in the form of an adjustable gap, and is generally 
reliable to within yboth inch. The next unit of fine measurement, 
the Topgo'h inch, is often attempted with it, but extended tests show 
that this tool is not reliable to this order of accuracy without a 
reference to proper standards of size. No two people have the same 
‘* feel’ with a particular micrometer, also unavoidable wear in ordi- 
nary use soon causes an error of intrinsic measuring greater than 
rgdoqth inch, even if a micrometer is accurate when new. 


Vernier Calipers. 

These are seldom used for diametrical measurements, but are for 
long length measure more convenient to handle than micrometers. 
As an instrument for determining intrinsic size, it has not the same 
inherent defect, the screw, as the micrometer, if we assume the gradu- 
ations are correct (an assumption, and one rarely justified). It, how- 
ever, can only be relied upon to the nearest pain. or ,},in. as against 
the micrometer ;,},,;iN., when used as a comparator against stan- 
dards, owing to the difficulty of repeating readings on the vernier 
scale. 

With the advent of workshop measuring bars and accessories, 
the vernier, except for very few jobs, is now a tool which is steadily 
going out of date. 


Extension Micrometers. 


The above remarks apply equally to extension micrometers. The 
extension bar can only be set to from ybein. to z},in. The micro- 
meter thimble graduated to read in thousandths or even ten-thou- 
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sandths is misleading. These instruments are wholly replaced by a 
system giving intrinsically true size to within one part in one hundred- 
thousandths. 
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Fig. 12.—Testing cylinder gauge against block gauges on comparator. 
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Horizontal Measuring Machines. 


If we could harness the earth’s spin to give us a simple automatic 
clock, we would have generated units of time which would at all 
times be self checking, and we would all discard clocks and watches ; 
even elaborate chronometers would give place to the new system. 
As this universal timepiece has not yet been discovered, we are com- 
pelled to use the product of evolution in the way of a time indicator. 

Measuring machines of the Whitworth type have given wonderful 
service in engineering developments, but the ancestor of the micro- 
meter screw was the lathe screw cut with a chisel and hammer. In 
other words, the screw is generated and is not scientifically correct. 
It may have a rectifying bar or a curve of correction, but the fact 
that measurement here is dependent upon the oil film between the 
nut and the screw precludes high accuracy. The authors doubt if any 
screw measuring machine will measure to ;5,j595iN-, and very few 
will be true to twice this amount, although the discs are carefully 
graduated to read at least ;5;555 units. That we must have true 
anvils in a measuring machine goes without saying, but the accurate 
lapping of such anvils is not a simple proposition. 

The bed of practically all horizontal measuring machines is wrongly 
supported and rarely approaches anything like accuracy in flatness. 
A flat surface of this nature is exceedingly difficult to attain. The 
authors believe that they were the first to make a horizontal measur- 
ing machine with a round bed, i.e., a bed which can be made straight 
by means of a micrometer and a rotary grinding machine. 

The tailstock is usually one of three types: 


(1) ‘‘ Gravity piece ’’ pattern. 
(2) ‘* Tilting level’ pattern. 
(3) Optical pattern. 


No. 1 is dependent upon roundness and parallelism of a gravity plug 
and the accuracy of the machine can be no greater than the accuracy 
of this plug. 

No. 2, the authors believe the sliding contact of this indicator to 
be wrong in principle. 

No. 3, various optical systems have been devised, and in the opinion 
of the authors a carefully designed optical indicator is the best type 
for this class of machine. As a matter of fact, an optical indicator 
may easily be to a higher order of accuracy than the rest of the 
machine. 

If the bed of a horizontal measuring machine is not perfectly 
flat it is not possible to keep the measuring faces parallel with one 
another for different positions of the tailstock. The fact that the 
micrometer screw rotates also presents difficulties, e.g., -in keeping 
the measuring faces parallel. Practically all operations which can be 
carried out on a horizontal machine can be carried out on the vertical 
comparator previously described. The comparator is only a fraction 
of the price of the ordinary measuring machine, and is much more 
accurate. It might be pointed out here that a measuring machine 
of the type under discussion is only a measuring machine over rin. 
and a comparator over the rest of its capacity. The method of setting 
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such machines by means of microscope and line scale involves a 
system of repetitions that is not applicable to practical measuring. 
Setting by means of the ordinary spherical ended bars is little, if any, 
better unless these bars have been calibrated by some competent 
authority who is in possession of standards accurately sub-divided 
from the country’s standard. 


Flat Tables. 


One of the most useful accessories to accurate measurement of 
composite parts by means of co-ordinates is the flat plate. 
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Fig. 13.—Showing flattening of ball and indentation of measuring faces. 


The ordinary surface plate in common use is of service for many 
purposes of approximate accuracy of, say, to the nearest ybeth inch, 
but for finer measurement to the ;94g9th inch, a surface plate with 
a ‘‘ wringing ’’ surface is required. The authors have found a re- 


volving plate which revolves truly in one plane to be very useful for 
many measuring purposes of small and accurate details. This plate 
is gin. diameter and is an improved form for toolmakers flat. 
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Cylindrical Standards. 


Another type of reference standard of great utility in the general 
workshop and test room is the well-known cylindrical standards 
They are made in serial sizes of increasing diameters in steps of sth 
inch, and sometimes in decimal series, in the form of both outside 
cylinders or plugs and inside cylinders or rings, commonly called ring 
and plug gauges. The outside cylinders are also made in the form 
of discs, and are usually termed reference discs. 

This type of standard size is very useful for setting a variety of the 
smaller measuring tools and for many purposes of co-ordinate 
measuring. Unfortunately, they are at present rarely made true to 
size to within the ;g}g9th inch unit, and more often are in error to 
a greater amount than the qwosth inch unit. Of such indifferent 
accuracy, they cease, of course, to be useful as standards. The authors 
have not up to the present made these in commercial sets to accurate 
limits of ; pth inch; but in a few individual cases they have been 
able to make and measure outside cylinders to this order of accuracy. 
Successful manufacture depends mainly upon the ability to measure 
accurately. The method of measuring adopted is shown in fig. 12, 
where cylinders are compared against standard block gauges in the 
generator comparator. It is thought that when engineers generally 
realise the advantage of measuring by direct reference to accurate 
standards that there may be greater demand for this type of gauge. 


Screw Thread Work. 


A paper of this nature would be incomplete without some detailed 
reference to screwed work. This is also an important and some- 
what neglected subject. One can, to a certain extent, understand this 
neglect when it is considered that a screw has seven elements to 
be controlled, viz. :— 


Major or full diameter. 
Effective diameter. 
Minor or core diameter. 
Angle of thread. 

Pitch of screw. 

Radius at crest. 

Radius at foot. 


The method developed by the National Physical Laboratory during 
the war of optically projecting the form of screw threads has 
enabled gauge and tap makers to greatly improve this product; 
much, however, still remains to be done before thread work reaches 
anything approaching the accuracy attained in other classes of 
engineering work. 

Realising that great progress has been made with respect to the 
accuracy to which screw gauges can be manufactured, there is 
yet room for a very considerable advance, and the authors hope 
in the near future to be in a position to give further attention to 
this important matter. 

In production work parts are screwed with a tap or die, and 
in some other cases by means of chasers. In the first two cases 
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all seven of the above-named elements are controlled by the tool; 
in the last case six of the elements are so controlled while the 
pitch depends upon the lead screw. 

Where taps and dies are purchased from outside firms, it is up 
to the users to satisfy themselves that they receive tools which 
are going to give them the desired results. If taps and dies are 
made in their own tool-room, then they must have satisfactory 
chasers to give the correct forms. 

For this purpose, and also for general screw work where this 
is done with a tool, the circular thread chaser is undoubtedly the 
best cutting tool to use. 

Flat chasers do not lend themselves to being accurately pro- 
duced. They are cut in a milling machine, and, even if the hob 
was of correct form, any want of truth in the arbor would cause 
a thin thread in the chasers being cut (which in turn would pro- 
duce work with a thick thread). There is no convenient method 


[Sphere 


ssion 
nw F wo N 





° Ye ' 1% 2 2% 3 
ibs Pressure 


Fig. 14.—Showing compression of lin. sphere under various pressures. 


by which flat chasers when in use can be removed for grinding 
and reset in the lathe at a correct height and angle for good work. 
Some of the advantages of a circular thread chaser are :— 


(1) It is accurate because it can be made and measured in 
the same way and with the same care as the screw gauge. 

(2) It has a very long life as compared with a flat chaser. 

(3) The cutting edge can be ground radially and accurately 
on a simple grinding fixture. 

(4) The cutting edge can be set up accurately to the centre 
of the lathe either by a height gauge or by a simple setting 
gauge. 

(5) Work screwed with correct chasers can be gauged with 
an assurance that it will fit accurately on assembly. 

(6) The circular chaser is cheap enough to use on ordinary 
production work, and can be purchased of sufficient accuracy 
to produce gauges or precision taps or dies. 


An external circular chaser is usually made about 13in. diameter, 
and has therefore an effective length of thread of over gin. The 
flat chaser has a life of about in. of thread, or about yin. that of 
the circular tool. The latter, although costlier, is relatively the 
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cheaper in the end. Internal circular chasers are necessarily smaller 
in diameter, and have a correspondingly reduced life. 

It should be pointed out that, no matter how accurately a chaser 
may be made, should the lead screw of the machine have either 
periodic or progressive error, or both, the thread will be inaccu- 
rate on the effective diameter and pitch, which two are the 
important elements to be controlled. If the chaser had only one 
tooth, the error would be in pitch only. Lead screws are a fruitful 
source of error in screw work. 

A general move is noticeable among lathe manufacturers towards 
improvement of lead screws. There is, however, considerable room 
for improvement; for example, periodic errors due to the want of 
truth in lead screw collars and faces of supporting brackets is 
common. This can often be eliminated by taking end thrust on 
a single ball, placed in the centre at the end of the lead screw 
against a suitable abutment. Lathe makers still continue designs 
where the lead screw runs the whole length of the lathe. Is this 
necessary? Why not make some of these machines with short 
lead screws sliding on a spline shaft, so that they can be placed 
in any position on a lathe? It would certainly be a more hopeful 
task to make correct 18in. of lead screw rather than, say, 6ft. 
The lead screw could come under the apron of the lathe, and could 
be protected against dirt and damage by cover. 

The last suggestions only apply to lathes for production work. 
Special machines for screwing gauges have been designed and 
manufactured in this country, with the result that screw gauges 
can be made to a high degree of accuracy. In this respect we 
would mention particularly the Bryant Symons precision screwing 
machine, which is made in London, and is actually a very fine 
piece of work. 

With regard to the production of screw thread work, it is to be 
regretted from almost every point of view that we cannot break 
away from the Whitworth form of thread with its troublesome top 
and bottom radius and go in for a flat crest and deep root, which 
is much cheaper to produce, and ensures the effective diameter 
of bolt and nut always being a fit without fear of the other 
elements fouling. 

In gauging both internal and external threads, too little use is 
made of effective ‘‘ not go’ gauges which are exceedingly usefu! 
in keeping a closer control on this important element of screw 
threads. 

It is only necessary to mention the Wickman thread gauge in 
passing, as a paper has already been read before this Institution 
covering this tool. This gauge is a tool of great utility for testing 
large quantities of production screw work. This, of course, only 
refers to inspection of external screws. The expeditious testing 
of internal screws still, however, presents as much difficulty as ever. 

In conclusion, the authors wish to state that if anyone thinks 
thev have laboured unduly the need for greater precision in measure- 
ment, that in their opinion a new conception of the need for accu- 
racy is being gradually established in the minds of those engineers 
responsible for production of goods of the highest quality at the 
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lowest possible price, and they are anxious to do all in their 
power to give a lead in this direction. They are aware that they 
have only touched the fringe of a very large question, but hope 
that they have cleared away certain misconceptions, and thrown 
some light on what is perhaps one of the most important subjects 
to a works engineer, namely, measurement. 

A summary of the authors’ views might be expressed by saying :— 
That accuracy is the key to standardisation; standardisation of 
mass production; mass production of economy; and economic pro- 
duction the key of progressive business. 
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Fig. 15.—Showing compression of 0°05in. cylinder between faces of 
machine. 


APPENDIX I. 
EXTRACT FROM NATIONAL PHysICAL LABORATORY REPORT, 1921. 


Elastic Compression of Spheres and Cylinders when Subject to 
Pressure during Measurement.—When ascertaining the sizes of 
steel balls or plug gauges, it is usual to employ a measuring 
machine or comparator, which holds the ball or cylinder between 
flat parallel contact faces under a certain definite pressure. It 
has been a well-recognised fact, both from theoretical considera- 
tions and from practical experience, that, in the case of balls, 
deformation of the surfaces occur where the ball comes in contact 
with the measuring faces. If the pressure is infinitely light, the 
contact will take place at a theoretical point; but, as soon as the 
pressure becomes appreciable, the two adjacent surfaces have to 
touch over a definite area in order to withstand the load. At the 
contact the surface of the ball becomes slightly flattened, and 
the flat surface of the measuring face correspondingly slightly in- 
dented, as shown in fig. 13. Thus, in comparing the size of a ball 
with the length of a block gauge, it is necessary to apply a correc- 
tion to the result in order to obtain the true size of the ball when 
in the free state. 
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The mathematical theory for the general case when two bodies 
are pressed together in local contact was first given by Hertz. 
In the particular case of a sphere under compression between two 
parallel flat surfaces (the material throughout being of hardened 
steel), the total amount of compression, that is, the mutual 
approach of the flat faces after they have just made contact with 
the sphere on each side, is given, according to this theory, by :— 


0°00003 2P(T hin, 


where P is the pressure in lbs. weight and D the diameter of 
the ball. As a numerical example, the compressions for jin. and 
1in. steel balls under 5 Ib. weight (the usual pressure met with in 
commercial measuring machines) are approximately o-ooo2in. and 
o-ooolin. respectively. 

In order to test the accuracy of this theoretical formula, a series 
of measurements was made on a number of steel balls varying 
in diameter from jin. to 3in. when subjected to pressures up to 
.3 lb. weight. The diameter of each ball was compared in turn 
with the length of a corresponding size block gauge in the special 
slip gauge comparator, which gives readings to one-millionth of 
an inch. In addition to its extreme sensitivity, this machine pro- 
vides a ready means of changing the pressure under which the 
measurements are made. A preliminary calculation proved that 
the body shortening of the longest block gauge used, even under 
3 Ib. pressure, was inferior to one-millionth of an inch. The series 
of measured differences between the ball and the block gauge 
were then plotted against the pressures. It was not possible to 
obtain a comparison at zero pressure, so that the actual compres- 
sions which occurred under the various pressures could not be 
calculated from the measurements. The result of the measurements, 
however, was compared with the theoretical formula by plotting 
a curve from the latter on tracing paper and superimposing it on 
the diagram obtained practically. Keeping the base lines parallel, 
a position was found where the theoretical curve fitted very closely 
over the plotted points. The result obtained in the case of the 
tin. sphere is shown in fig. 14, in which the unit of comparison 
is o-oooorin. It will be noted that the maximum departure of the 
points of observations from the curve is three-millionths of an 
inch. Similar results were obtained with the other balls. 

The magnitude of the numerical constant given in the formula 
for compression varies according to the moduli of rigidity and com- 
pressibility of the materials of the faces and of the ball. Tests 
were also made with a jin. phosphor-bronze ball and with a 
double convex glass lens, each face of which had a radius of 
curvature of 2.1in. Using the appropriate constants, it was found 
that the compressions of the ball and lens, as measured between 
the steel faces, agreed satisfactorily with the formula. 

The next case considered was the compression of a cylinder 
between a pair of flat measuring faces }in. diameter. Here we 
have line instead of point contact, and the compression would 
naturally be less. Measurements were made with two sizes of 
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cylinders o-o5in. and tin., their diameters being compared as 
before with the lengths of corresponding block gauges. No simple 
formula can be quoted for this case, as the compressions for each 
cylinder have to be calculated independently from first principles. 
The diagram of the results obtained on the o-o5in. plug is shown 
in fig. 15. Where the unit of compression is one-millionth of an 
inch, the measurement agreed with the theoretical curve to within 
one-millionth of an inch. A similar set of results was obtained for 
the rin. plug; the theoretical compression at 3 lb. is 9 millionths 
as compared with 11-5 millionths in the case of the o-osin. plug. 
These figures refer to measuring faces of jin. diameter. With 
larger faces the compressions would be less, and vice versa. 

Other interesting cases were also treated both theoretically and 
practically with satisfactory agreement. These included a pair 
of equal or unequal cylinders crossed at various angles between the 
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Fig. 16.—Diagram of interferometer. 


measuring faces. Here we have point contact between the cylin- 

ders themselves, and line contacts between the measuring faces. 
The general conclusion arrived at was that the Hertz theory is 

sound for the particular cases and materials covered by the tests. 


APPENDIX II. 


EXTRACT FROM NATIONAL PHYSICAL LABORATORY’S REPORT, 1921 
(METROLOGY DEPARTMENT). 


Tests on Faces of End Gauges for Flatness, Parallelism, and 
Squareness to Axis.—An apparatus, fig. 16, has been set up in the 
department for testing the flatness of gauge surfaces by interfero- 
metry. A beam of monochromatic light obtained from a mercury 
vapour lamp is concentrated on a small hole about o-5 mm. diameter 
in a metal plate, after passing through a suitable filter. 

This hole is situated at the principal focus of an achromatic lens 
so that a parallel beam of light emerges from the latter. The gauge 
to be tested is allowed to rest horizontally on a pair of Vee blocks, 
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and an optical proof plane is mounted on a support with provision 
for varying its inclination, so that one surface is about 0-5 mm. from 
the surface of the gauge. A thick glass plate reflector is interposed 
at an angle of 45° between the pinhole and the lens. If the proof 
plane is arranged so as to be closely parallel with the gauge surface, 
interference will take place in the intervening air film and the fringes 
can be seen by placing the eye in a suitable position in front of 
the reflector. The spacing of the fringes depends upon the angle 
between the surface of the proof plane and the gauge and can be 
adjusted by manipulating the inclination of one to the other. 

The state of flatness of the gauge surface is indicated immediately 
by the appearance of the fringes which show a distinct departure 
from straightness if the surface is not truly flat. Three typical cases 
are shown in fig. 17, in which I. represents the appearance of the 
fringes on a good flat surface. If the surface is concave or convex 
by o-oo001 inch, the bands become curved as shown at II., such 
bands represent contour lines of the gauge surface and their curvature 
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Fig. 17.— Interference bands. 


is directly related to the lack of flatness of the surface. In the par- 
ticular case illustrated, an imaginary straight line AB drawn through 
the ends of one of the bands passes through the centre of the next, 
and since the distance between adjacent bands represents a difference 
in the gap of half a wavelength, it follows that the surface is concave 
or convex by that amount at the centre. When using a green filter 
with mercury light, the value of the wavelength is 0:554=0-000022in., 
so that the bands represent a scale of closely ooooo1in. Thus the 
errors in the flatness of the surface can not only be seen but can also 
be closely estimated by simple viewing of the interference pattern. 
Where a fairly large error in curvature occurs it is preferable to arrange 
the proof plane so that it becomes tangential to the surface at its 
centre. . The fringes then take the form of concentric rings (Newton’s 
rings) ds in III., and by counting the number of rings, an estimate 
of the error is immediately obtained in hundred-thousandths of an 
inch. If the error is not in the nature of a simple curvature, then 
the fringes are no longer circular but their forms still depict the 
contours of the surface. 
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APPENDIX III. 


EXTRACT FROM NATIONAL PHySICAL LABORATORY’s REPORT, 1922 
(METROLOGY DEPARTMENT). 


Wringing and Wear of Gauges.—Experiments have been made on 
the well-known wringing property of flat steel surfaces with the view 
of ascertaining (a) the constancy of the liquid film which exists 
between two such surfaces, (b) the difference in thickness of the film 
formed by various liquids, and (c) the amount of wear which takes 
place on a hardened steel surface subject to repeated wringings. 

The investigations were made, using twelve new commercial slip 
gauges of sizes from o-15in. to o-19in., and so chosen that when wrung 
together the combined length of the gauges was nominally zin. 
The length of the combination was compared, after wringing under 
different conditions, with a 2in. block gauge in the slip gauge com- 
parator. 

The experiments were conducted as follows: The gauges were 
carefully cleaned and were wrung together without deliberately in- 
troducing any liquid film. This at first sight may appear contrary 
to the well-known fact that the presence of a liquid film of some 
description is essential before wringing will take place between two 
clean, flat, steel surfaces. What happens in this case is that the 
film arises from the condensation of water vapour on the gauge 
surface which takes place when the gauges are handled. 

After allowing the combination to cool down a comparison with the 
2in. gauge was made. The operation of wringing and measuring 
was repeated a second and a third time under the same conditions. 
The procedure was then repeated three more times, but on this occa- 
sion paraffin oil was used to form the wringing film. 

Three further measurements were made using petrol, and finally 
three using vaseline oil. The length of the combination under the 
four conditions of wringing was obtained by taking the mean of each 
of the sets of three measurements. 

These lengths are indicated by the first four spots on fig. 18 under 
Set 1. This set of measurements was then repeated a number of 
times, under the four conditions specified above, and the complete 
series of results is shown. The ordinates of this chart give the differ- 
ence in the length of the combination from 2in. and the abscissz the 
number of wringings. The different conditions of wringing are iden- 
tified in the plotting. 

It is clear from the diagram that the length of the combination 
gradually diminished after repeated wringings, and this can only be 
accounted for by wear of the gauges. The rate of wear gradually 
became less, but was still apparent after 180 wringings. The total 
wear which took place was of the order of o-00003in. It should be 
borne in mind that this wear is distributed over 22 wringing sur- 
faces so that the amount per surface was only about one and a-half 
millionths of an inch. 

A further interesting point to note is that, where the film consisted of 
vaseline oil, the length of the combination was noticeably greater 








ACCURACY IN | PRODUCTION ENGINEERING 125 


than for the other three cases. Two curves have been drawn, one 
for the vaseline oil points and the other for the remainder. The 
Difference of combined length of gauges 
from 2inches, in millionths of an inch. 
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Fig. 18.—Wringing films and wear of gauges. 
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average difference between the two curves is approximately 
0:000013in., which indicates that the thickness of a single film in 
the case of vaseline oil is approximately one millionth of an inch 
greater than for the other conditions of wringing. There is very 
little difference in film thickness for paraffin, petrol, or ‘‘ no film,”’ 
although the first appears to be slightly greater over the eleven films. 

As regards constancy of wringing, when using any one liquid for 
the film, it was found that with reasonable care the gauges could be 
wrung up repeatedly with no change in the length of the combina- 
tion exceeding o-ooooosin. From this it may be inferred that on the 
average the thickness of a single film, for any one liquid, repeats 
itself to about half a millionth of an inch. 

The tendency for the gauges to wear more rapidly at the beginning 
of the tests could be explained by the fact that their surfaces are 
not absolutely smooth, but are covered by innumerable minute fur- 
rows, produced by the abrasive during the lapping process. The 
action of rubbing two gauges together whilst wringing them would 
tend to wear away the minute ridges between the furrows. Naturally, 
the resistance to wear would increase as the crests of the ridges 
became more flattened. 
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THE DISCUSSION. 


In the first place THe Presipent, Mr. J. D. Scaire, extended a 
hearty welcome to the numerous visitors present, and said that they 
would be very welcome whenever they cared to attend the meetings 
of the Institution. At the same time he hoped that they would 
not remain visitors only but would in time become members. 

In opening the discussion, Mr. Scaife said that the subject dealt 
with by the authors was one to which he had given very consider- 
able thought. Undoubtedly the authors had gone further with the 
subject than had previously been attempted. It was very interest- 
ing to note the matter-of-fact way in which they spoke of measuring 
to a few millionths of an inch. 

In connection with accurate measuring generally, he believed all 
those interested had received a circular from the National Physical 
Laboratory referring to an alteration of the British standard, which 
he believed amounted to some twelve-millionths of an inch. In this 
respect he would like to know how the N.P.L. had discovered that 
they were previously wrong, and whether they had used some 
method on the lines described in the paper. Referring to the use 
of the micrometer as a measuring instrument, he suggested that 
this for very accurate purposes was not’ the proper instrument to 
use. It was fairly satisfactory in some cases if one had a definite 
standard very near to the size that was to be checked, but if it 
were necessary to make any considerable adjustment away from 
the standard, it was liable to be a very inaccurate method of 
measuring. 

He noticed that in the authors’ paper some rather slighting refer- 
ence was made to the interchangeability of the components used 
in the construction of British motor cars. He himself had been a 
motorist for many years, and had had occasion, at times, to replace 
parts, but he could not say that he had suffered much difficulty in 
that connection. He believed that components produced by the 
leading English and Scottish motor car manufacturers were for all 
practical purpose strictly interchangeable. At all events, he had 
found that the parts assembled without any fitting or other adjust- 
ment. In this respect there was an important point one had to 
bear in mind; unless work was to be produced to very fine limits, 
which was, of course, very expensive, it was necessary to depart 
from strict interchangeability. In certain cases where three or 
four variables came together, an assembly might result in which 
the various parts might be made to within fine limits, but which 
did not give a really good assembly. He had not the slightest doubt 
that some of our British automobile manufacturers did not work on 
the basis of strict interchangeability. He considered that it was 
only on very low-grade products that one could obtain an inter- 
changeable assembly at a reasonable cost of manufacture, and in 
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this respect the Ford car was a typical example. In this case, of 
course the limits were rather wide. 

With regard to the lapping of thin slip gauges, he understood 
from the paper that slips made by the Pitter Company were finished 
on one side whilst being held on a magnetic chuck. 

Replying to this point, Mr. Baty said that they were held thus 
in the initial stages only, and during the lapping they were changed 
over. 

Continuing, Mr. Scaire remarked that he understood that one 
side was finished in the first place, and the slips were then wrung 
together and continually reversed; and Mr. Baty said that this was 
the case. 

Replying to Mr. Scaife’s remarks generally, and referring to the 
inaccuracies in micrometers, Mr. Baty said that if we departed far 
from the slip gauge or other standard with which the micrometer 
had been calibrated, undoubtedly big errors would occur. There 
was one rather important point that had been omitted from the 
paper. In testing any measurement with slip gauges, it was im- 
portant to have what was called ‘ solid size,’’ and the most accurate 
testing that could be carried out was by use of this method. If 
one had a gauge that was curved or bowed to pass over the top 
of some obstruction, there was naturally a certain amount of spring. 

With regard to the manufacture of the Ford car, he and his 
associate, Mr. Brookes, had no information regarding the limits 
worked to in the Ford factory. They thought they might possibly 
be rather wide, but this was necessary when producing a relatively 
inferior class of work. The main point was that the manufacturers 
of the Ford car seemed to stick to their limits, and it was generally 
to be found that any Ford spare would fit. He had discussed this 
point on a number of occasions, and he was afraid that the spares 
provided by British companies would not bear comparison in this 
respect. He was not speaking on behalf of the Ford Company, 
but he hoped that English manufacturers, manufacturing a very 
much higher grade of article, would be able to secure the desired 
results, and that he and his associate, Mr. Brookes, would be 
able to assist them. They were not production engineers them- 
selves; they were mainly tool people, and they wanted all possible 
difficulties referred to them so that they would be able to help. 

Mr. Brookes, referring to the President’s query regarding the 
alteration of the N.P.L. standard, said that it followed upon some 
very special experiments that had been carried out on the system 
he had described, i.e., the breaking down from the yard bar. In 
the first instance, there was an almost insurmountable difficulty in 
passing from a line standard to an end measure. Previous to 1917 
or 1918 no very good means existed for making that step, and 
in the latest work he believed that they had removed approximately 
7-1,000ths to 8-1,0o00ths of an inch, which was previously an error. 
A change had also been made in the direction of wear, for, there 
was no doubt that during the war, standards were all overworked 
and wore very considerably. Previously, the standards were made 
with a conical end, and with a measuring diameter of about a 
quarter of an inch, 
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Referring to the question as to whether the N.P.L. worked to 
a millionth of an inch, he said, it must be understood that it was 
impossible to make this comparison from the vard or line measure. 
Further, it was impossible to make the transference closer than 
one part in a million. That error, in this method of generation, 
occurred all the way down. Whilst at the N.P.L. he, Mr. Brookes, 
had been able to make some measurements inside a twenty-millionth 
part of an inch, and could repeat them within that order of accuracy. 
If he had been understood to say that he was working within a 
millionth of an inch in these long lengths, he had been misunder- 
stood, for it was impossible, from a scientific point of view, on 
account of the erratic thermal expansion of the steel. End gauges 
were treated very carefully in the course of hardening and heat 
treatment, and by a very special process they were hardened only 
to a depth of about o-150in. from the end. This hardening was 
carried out by the use of an electrical process devised partly by 
himself at the National Physical Laboratory, and the remainder 
of the bar was normalised to the highest degree, so that the dis- 
turbance was the minimum it was possible to obtain. 

Mr. Bett (Member) said that the work carried out by the authors 
was of enormous potential value to engineers generally. He thought 
that the use of slip gauges was not as general as it should be, and 
he could call to mind at least two very well-known works where a 
set of slip gauges were locked up in a safe because of their high 
value. In both cases he had to remove the slip gauges into the 
shop and put them into use, for unless they were in regular use 
they were not of much utility. He noted, however, that the firm 
with which the lecturers were associated were now putting the gauges 
on such a basis as regards price that that factor had now very largely 
lost its application. 

Dealing with the question of the interchangeability of automobile 
parts, as far as his experience went he thought the bulk of the 
trouble was not due to inaccuracies in machining, but because very 
few draughtsmen and designers were really capable of making toler- 
ances. He had known many cases where the work could be efficiently 
and accurately produced if the tolerances had been arranged to suit 
the various classes of work. Finally, he said that the methods which 
Messrs. J. E. Baty and A. J. C. Brookes had dealt with were exceed- 
ingly interesting, and were the more astonishing by reason of 
their apparent simplicity. 

Mr. Atisup, of Woolwich Arsenal, said that speaking as a repre- 
sentative of a Government Department, he thought that the ‘‘ Enfield 
inch” would be made to standard in the future. It seemed to him 
that it was an exceedingly good thing for a paper of this kind to 
be read before an Institution of production men, for, if the practical 
men in the shops paid more attention to the subject, better worl- 
manship would result. 

The lecturer had referred to the fact that gauges must not be set 
to the outside limits of the work, and it did not seem generally known 
that workshop limits must encroach on the tolerances of the work. 

Mr. Hancock (Member), dealing with Mr. Bell’s reference to the 
drawing office in connection with fixing tolerances, said that a very 
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good scheme he had seen in operation was to transfer the respon- 
sibility for fixing limits from the drawing office to the production 
engineer. In his own department there were a number of men who 
were in constant touch with the works in order to notice the diffi- 
culties met with in assembly, and also with regard to interchange- 
ability, and their experiences were utilised to the full when fixing 
limits. 

Referring to the author’s reference to the American spirit which 
was “if you have anything better than we are using, bring it along,” 
he said that the average works in England was the result of evolu- 
tion from a small shop, and in that process one could not take a 
very large step at a moment’s notice. In America, he understood 
that, owing to the large capital they were able to handle, they could 
build fresh works, obtain the labour and material together, and make 
an entirely fresh start, and thus they had an enviable opportunity 
of introducing new methods. On this account, the schemes set 
forth were undoubtedly sound, but it was very difficult suddenly to 
change from one method to another. Mr. Hancock said that he 
would like to see a type of gauge provided for use in the shops 
which an operator could handle without springing and without more 
than ordinary wear taking place. For example, the authors had 
been speaking of millionths, but for his purpose, if the man in the 
shop could produce components consistently to size to within a quarter 
of a thousandth of an inch, motor car manufacturers at all events 
would generally be satisfied. He believed that a fluid gauge would 
be of very considerable assistance in workshops generally. 

Mr. Brookes, replying, stated that the fluid gauge really pro- 
vided a method of comparison only. It was, however, a very con- 
venient tool, and he himself had used a Prestwich fluid gauge very 
considerably. As to changing from one method of gauging to 
another, that was hardly what he and his co-author were advocating. 
At the present time many mechanics thought they were working 
to 1-10,000th when they were hardly working to 1-1,oooth. What 
they were trying to do was to provide something which definitely 
told the operator what he was working to, so that it was not 
actually a matter of changing the system but of improving that 
which already existed. 

With regard to the comparison between Americans and English- 
men, he had recently come across the following passage in one of 
Dennis Bradley’s books which put the matter rather tersely :— 

‘‘ The Britisher is peculiarly insular. He is not readily inclined to 
accept anything new. His forefathers were bred on crusted port in 
a surrounding of crusted institutions, and the generations they begat 
are prone to accept a crusted tradition in preference to the virility of 
any new force.”’’ 

Mr. Hurcninson (Member), after complimenting the authors on 
the valuable nature of their paper, said he was sorry it was not one 
of a long series of papers dealing with the same subject. Quite a lot 
of information was given regarding slip gauges and end measure- 
ments generally, but the important matter of measuring screw threads 
had not been dealt with. Personally, he did not think that there was 
any foundation for suggesting that American mechanics can produce 
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more accurately than British workmen, and he felt that in this 
respect in previous remarks the ability of British mechanics had 
been somewhat belittled, though, of course, this may not have been 
the speakers’ intention. As far as his experience went, the workmen 
of this country were entirely satisfactory with regard to accurate 
production. If there was a serious lack of interchangeability with 
respect to spare parts produced in this country, he thought it was 
not so much due to the inability of the workmen to produce them 
correctly, as to the weakness of inspection, or possibly the mistaken 
commercial attitude on the part of those responsible for not rejecting 
the parts when they were outside the prescribed limits. 

Some mention had been made by the authors with regard to the 
accuracy of ground parts. It was well known that it was impossible 
to grind a diameter perfectly round, but he, personally, took some 
exception to the statement that it was not possible to grind within 
an accuracy of o-ooo15in. without chatter. Recently he had experi- 
enced some problems in connection with cylindrical grinding, where 
trouble with chatter had occurred, but by very carefully tuning the 
grinding machine it had been possible to reduce the depth of the 
chatter marks to approximately 23 millionths of an inch. 

Referring to the remarks that had been made in conection with 
the Ford car, Mr. Hutchinson said that he had been a Ford drive 
for many years and agreed that he had never found a Ford com- 
ponent that would not fit into its place. At the same time, however, 
he had frequently had occasion to use a few packing washers! 

Regarding the alteration that had been made in the standard at 
the N.P.L., he believed that this was accounted for by the fact 
that it was now found possible to transfer line measurement to end 
measurement rather more accurately than had been done in the past. 
He could not help feeling that the width of the line on the standard 
yard measure had some influence on accuracy, and in this respect 
perhaps the authors could say if the width of the line on the stan- 
dard yard had ever been measured, and if so from what part of 
the line were the measurements taken. It seemed impossible that 
errors of over a millionth of an inch could easily happen in this 
respect. 

Discussing the use of slip gauges, Mr. Hutchinson said that the 
curve reproduced by the authors had shown how the length of the 
gauges was reduced in use, and it would be interesting to have some 
approximate idea as to what would be the normal life of a sect of 
slip gauges, supposing that they were in fairly constant use in an 
ordinary tool room. 

Mr. Brookes, replying to Mr. Hutchinson’s remarks in connection 
with grinding, said that it was not impossible to work to within 
one-tenth of a thousandth of an inch when grinding, but the depth 
of the chatter was approximately one-and-a-half-tenths, and this they 
had proved by lapping flat and cylindrical surfaces until the chatter 
marks had been removed. It was certain that the metal was affected 
for at least the depth quoted, and if a really good job was essential, 
it was necessary to finish by lapping in order to get rid of the chatter 
marks. 

Regarding the wear of gauges, that was dependent to some extent 
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upon the atmosphere in which they were used. He had made some 
experiments on specially prepared gauges which were finished with 
more or less smooth surfaces, and they only shortened by two- 
millionths of an inch in the course of 200 wrings. Of course, in the 
tests they were wrung together under fairly good conditions, but in 
general workshop use the great trouble was the presence of abrasive 
dusts in the oil, etc. In their own factory they had slip gauges in 
use in all the works’ various departments, and had found that those 
in the grinding shops wore down. very rapidly. It was difficult to 
say under so many varying conditions how long a set of gauges 
would last, but it was the desire of the firm with which he was 
connected to produce them so cheaply that they could be used gener- 
ally in the shops. 

Mr. Storey (Member), endorsed Mr. Hutchinson’s remarks that it 
was hardly fair to blame the British workman for inaccuracies in 
production. One of the illustrations had shown a comparator with 
a straight edge or level resting upon a cylindrical gauge and also upon 
an end gauge. It appeared to him it would be rather difficult to set 
the cylindrical gauge with its centre absolutely underneath the lines 
on the straight edge, and also if the straight edge itself were not 
absolutely level it would rest on one side of the end gauge, with 
the result that it would be impossible to make a true comparison. 

Mr. Barty, dealing with the matter of setting the straight edge, 
said that no great inaccuracy could result for the amplitude of the 
machine in question was only o-0oo2in., and, therefore, to make a 
comparison it was necessary to build up slip gauges to within that 
limit with respect to the work to be measured. The possible amount 
of tilt on the corner of the gauge was infinitesimal, and, moreover, 
one could actually see from the crest of the cylinder when it was 
opposite the line on the straight edge, as the line was continued 
down to the knife edge. 

Mr. Kenwortuy (Member), referring to the method of lapping 
slip gauges, said the authors had described the method of change- 
over after the first lapping, and the diagonal change of gauges. He 
did not know whether it would be giving away a trade secret, but 
he would like to know the third series of changes. With regard to 
interchangeability generally, when it was considered that the pro- 
duction of limit gauges such as had been described in the paper had 
only recently been placed on a commercial basis, it was hardly sur- 
prising that the workshops had not previously been working to any 
great degree of accuracy. He thought that there would be con- 
siderable scope for an accurate adjustable measuring device which 
would provide some slight adjustment from normal size, but not 
to the extent as, for example, in the case of an inch micrometer. 
He, Mr. Kenworthy, was interested in the discussion that had taken 
place as to who should be responsible for fixing limits. It had been 
his experience that in many cases limits were fixed and shown on 
drawings, and then for years afterwards the assembly department, 
instead of bringing to the notice of those responsible the fact that 
the limits as fixed were not satisfactory in actual practice, would 
proceed with filing and otherwise adjusting of the parts when assem- 
bling them. This accounted to a very great extent for the fact that 
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when spare parts were despatched they would not readily assemble. 
Generally speaking, he thought that the various standard limits 
at present available were somewhat inadequate, and he was pleased 
to hear that the British Engineers’ Standards Association were about 
to publish a new series of tables. 

Replying to Mr. Kenworthy’s remarks, Mr. Brookes said that 
with respect to the interchanging of slip gauges during the finishing 
operations the successive movements were the same as the first. 
Continuing, Mr. Brookes said that if anyone thought they might 
make use of this method he ought to say it was a fully patented 
process, being protected in nearly every country in the world. If, 
however, members of the Institution were especially interested he 
had no doubt that the company with which he and Mr. Brookes 
were connected would be pleased to afford them an opportunity for 
a practical demonstration, without which it was hardly possible to 
describe exactly how the flatness was obtained. The method em- 
ployed, however, was very simple, and no skill was required. 

In closing the meeting the PresipEeNnT, Mr. J. D. Scare, said that 
during the war he had had occasion to pay numerous visits to 
Messrs. Pitters’ works, and he was sure the work carried out was 
of a very high standard, and undoubtedly they had made great 
progress in the post-war period. A great deal of very valuable work 
was also carried out during the war by the National Physical 
Laboratory, with which, of course, Mr. Brookes had been asso- 
ciated, and the benefits of the experience obtained during that period 
were now available for general use. 

A hearty vote of thanks was accorded to the authors at the con- 
clusion of the discussion, after which the various appliances and 
measuring instruments described and dealt with were demonstrated. 
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COMMUNICATION. 


Sir,—There is considerable educational value in the paper read 
by Messrs. Baty and Brookes before the Institution of Production 
Engineers on the above subject, and the authors are to be con- 
gratulated on the clear and concise matter contained in it. 

It is to be hoped that the ‘“‘apathy and great lack of a full under- 
standing of the need for accuracy ’’ referred to by the authors will 
not prevent its lessons being taken to heart. Anything, therefore, 
that can be done to proclaim the science of accurate measurement 
should be done, and done regularly and forcefully. 

‘What is the need of such high accuracy?’’ This question, 
quoted by the authors, is dealt with fairly fully in the paper, but 
there is one aspect of it not mentioned by them, and it is one that 
will bring home to engineers the real need for “high accuracy.”’ 
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Stated briefly, this aspect can be summarised :—Inaccuracy of 
measurement reduces the tolerance available for manufacturing by 
four times its own amount. This, of course, only applies to inter- 
changeable work. 

To explain this statement, consider any two mating components, 
such as a shaft in a hole. Whatever the function of the two mating 
parts, there are high and low limits for the size of the parts, outside 
which limits the functioning quality is impaired. For instance, in 
a sliding fit the hole must be larger than the shaft, but not much 
larger, or it will be loose. This is shown diagrammatically by fig. 1. 

The lines define the absolute boundaries of the high and low 
limits, otherwise known as maximum and minimum allowances. 
The difference between these is, therefore, the combined gross 
tolerances for production of both hole and shaft. 











ACCURACY IN PRODUCTION ENGINEERING 135 


No matter what happens, the gross tolerance thus defined must 
not be exceeded. Now let us examine the constituent parts of this 
gross tolerance, and see how much of it can be left for use in the 
actual manufacture of the component when we have made all the 
gauges and tools. 

Between the fixing of the gross tolerance and the production of 
the part there are several measurements to be made, and in making 
each measurement it is necessary to allow for the inaccuracy of 
measurement due to the limitations of the means employed and the 
defects of the human senses. If we have nothing better than 
a vernier micrometer with which to measure, there is inaccuracy 
in the fourth decimal place because different individuals will be 
unable to agree on the fourth decimal figure. The inherent error 
is, therefore, o-ooorin. at least. 
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Now suppose the measurement reading is the high limit of the 
tolerance. The inherent error may make it actually -ooorin. larger, 
which cannot be allowed. So the gauge is lapped till the reading 
is at least ooootin. smaller, when the chances are that the actual 
measurement is now o-0002in. below the high limit. 

A certain portion, say 10 per cent., of the gross tolerance must 
be allowed for gauge-making tolerance, and, in making this or a 
subsequent gauge, the gauge maker may get his work near the 
low end of his tolerance. But, as the measurement error has to 
be added to the gauge maker’s tolerance, the nett tolerance has 
been actually reduced by twice the inherent measurement error. 
(See fig, 2.) 

This argument has dealt with only one measurement, but applies 
to all. So that in the most simple type of limit gauging, that is a 
“go” and “not go” plug gauge, there are at least two measure- 
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ments to make, and there may be many more if such things as 
check gauges and master gauges are taken into account. 

The nett tolerance available for the manufacturing operation, 
after making allowance for gauge wear, gauge-making tolerance, 
and the inherent error of measurement, is represented by the 
diagram, fig. 3, for a simple plain plug limit gauge 1in. diameter 
with a gross tolerance of -ootin. 

This shows an actual nett tolerance of 0-o003in., when, if there 
had been no inherent measurement error, it would have been 
0-0007in. 

It can be truly said that there is an efficiency of measurement 
as well as an efficiency of work, and if we can by any means increase 
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the efficiency of measurement by preventing the leakages shown 
in fig. 3, we are thereby reducing costs of production by giving the 
machine shop larger tolerances to play with. And that is what is 
wanted—larger machining tolerances, lower manufacturing costs, 
greater output, cheaper prices, and consequent prosperity. 

We should be very pleased to see this vital subject more fully 
ventilated in your journal, and trust that there will be more letters, 
both from the enlightened and those who desire to be enlightened. 

F. W. Estrus, 
Alfred Herbert, Ltd., Coventry. 


Sir,—The article in the February issue of Engineering Production 
entitled ‘‘Accuracy in Production Engineering,’’ by Messrs. J. E. 
Baty and A. J. C. Brookes, covers this subject in a very interesting 
and instructive manner. To the average mechanic, however, 
measurements in one-millionth of an inch are beyond his range of 
reasoning, but it is evident that in the production of gauges and 
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other precision measuring instruments tolerances much less than 
one ten-thousandth (00001) of an inch must be obtained. For 
average production work, however, such a fine degree of accuracy 
is not necessary or desirable. There are two direct results from 
the production of interchangeable parts; one is lowering of pro- 
duction costs, the other a superior product. 

A few remarks in connection with the production of gears, 
especially the cutting of the teeth, throw an interesting light on 
the subject of interchangeable work. It might be said that prac- 
tically all gear teeth in use to-day employ the involute curve. Text- 
books tell us that the involute curve is that curve traced by a pencil 
point as a taut string is unwound from a cylinder. The descrip- 
tion is simple, but the production of accurate involutes is not so 
simple. 

One of the first schemes adopted for the generating of an involute 
curve was that in which tapes were employed for controlling the 
rolling motion of the gear as it was presented to the cutting tool 
or grinding wheel used in shaping the teeth. The same scheme 
was applied in connection with gauges for measuring involutes to 
determine their accuracy. There are practical disadvantages in 
connection with the satisfactory application of both of these schemes. 
The chief trouble is that it is impossible to find a material which, 
upon being wound and unwound from a cylinder, will not stretch. 
Consequently, positive control of the cylinder is difficult to obtain 
in this manner. Theoretically, this scheme should be satisfactory ; 
practically, it is not. In fact, it is of little use at all in connection 
with the construction of a gauge for measuring involutes, for the 
reason that it is not truly originative; tape stretch defeats the end 
in view. 

The base or rolling cylinders, as they are being rotated, are 
restrained by members which can stretch, and consequently it is 
impossible to tell whether the involute being checked is an original 
curve or not, and its variations from the so-called original involute 
cannot be accurately determined by this method. It would be 
possible, of course, to measure one or two involutes and to know 
within close limits just where you stood, but after these tapes had 
been wound and unwound several times this assurety would be lost. 

In connection with the gear-tooth grinder described in the 
February number of Engineering Production, an involute testing 
machine for measuring correct involute curves was illustrated and 
described. It will be noticed upon reference to this illustration that 
no constraining means for the rolling of the work is used. The 
measuring instrument consists, primarily, of a rigid base casting, to 
the top face of which two accurately finished parallel bars are 
attached. Rolling on these bars are two cylinders made as close as 
possible by present mechanical production methods to the theoretical 
base circle diameter of the gear to be inspected. 

In order that there will be no slipping of these cylinders as they 
are rolled along the parallel bars, a large cast-iron cylinder, which 
is made a good fit between the parallel bars, and therefore guides 
the two rolling cylinders, is attached to the same central arbor that 
holds the base cylinders. 
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The measuring is done by means of a jewel point, which must 
be set exactly in the same plane as the top face of the parallel 
bars; in other words, it must coincide exactly with the base circle 
of the gear to be measured. The dial indicator is operated through 
a multiplying lever arrangement, and gives readings in o-ooorin. 
With the jewel point set exactly in the same plane as the top face 
of the parallel bars, and brought into contact with the involute 
to be measured, there should be no movement of the dial indicator 
needle as the gear tooth is rolled against the pointer if the involute 
curve is a correct one, provided, of course, that the base cylinders 
are exact for the particular gear being measured. 

This measuring instrument is cited as an illustration of how it 
is possible to obtain interchangeable work and to produce work 
within very close tolerances by the application of gauges or fixtures, 
incorporating fundamental principles of design; in other words, 
simplicity of design enables the production of much more accurate 
work than would be possible with more complicated arrangements. 

The same can be said in relation to the gear-tooth grinder 
previously referred to. Instead of controlling the action of the gear 
as it is rolled against the face of the grinding wheel by means of 
a flexible mechanism, the control is positive, employing a master 
involute cam, which bears against a solid abutment. The master 
involute cam is kept constantly in contact with this abutment by a 
weight, so that there is no chance of the cam leaving the abutment 
and thus producing an inaccurate curve. 

This, again, is bringing the mechanism to its simplest possible 
form, which, as previously mentioned, is the only way in which 
interchangeable work can be produced on a production basis and at 
a low cost. Doucias T. HAMILTON. 

The Fellows Gear Shaper Co., Springfield, 

Vermont, U.S.A. 


THE 
INSTITUTION OF PRODUCTION ENGINEERS. 


A GENERAL Meeting of the Institution was held at the Engineers’ 
Club, Coventry Street, London, W.1, on Thursday, February 
14th, Mr. W. L. Fisher, Vice-President, being in the chair. 

The Minutes of the previous meeting were read and approved, 
and the Secretary announced the names of new members elected 
since the previous meeting 

Mr. W. L. Fisher then called upon Mr. N. Gerard Smith, of 
115, Whitehorse Road, West Croydon, to read his paper on 
‘* Production Organisation,’’ which was followed by a very in- 
teresting discussion, a number of members and visitors taking 
part. 
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PRODUCTION ORGANISATION. 


By Mr. N. GERARD SMITH (MEMBER), OF THE ACCOUNTING AND 
TABULATING CORPORATION OF GREAT BRITAIN, LTD. 


It is not necessary to discuss the need for good organisation in 
the engineering industry before this Institution, although a visit 
to many shops in this country will convince the most casual 
enquirer that the majority of factories are far from being well 
organised. Such factories, however, are not presumably controlled 
by members of the Institution of Production Engineers. It is neces- 
sary to have a very clear conception in our minds as to the reasons 
for organisation and the methods to be adopted in order to convince 
the sceptic, be he owner, manager, or shopman; for such a purpose 
we must have an idea of what an ideal.organisation should be and 
do, and we should be able to draw an accurate comparison between 
an organised and an unorganised or badly organised shop. 

This ideal may be explained in a few words. A factory exists to 
produce; production is expensive in so far as there is consumption 
of material and time, time being stated in terms of wages, power, 
depreciation, rent, and a hundred and one items with which we 
are well acquainted. The time a man and machine are engaged on 
a certain job decides how much is spent on all these elements of 
time-cost; therefore, the more we can reduce the labour time by 
means of services rendered to the man and his machine, the higher 
the efficiency, within limits. As soon as these services equal the 
time-cost that is saved, we have begun to over-organise. 

There are, of course, other reasons for organisation which may 
justify further cost, but the above is by far the most important. 
Why do we design and detail our product, set up stores and planning 
departments, take out costs and provide canteens and recreation 
facilities, but to obtain from the man and machine the utmost possible 
per hour? This is the true explanation of organisation, and the 
more universally it is understood the better. This is an advance on 
previous methods of operator bullying. There are, unfortunately, 
some very difficult cases where, although we may be able to promise 
increased efficiency over a period by means of correct organisation, 
the immediate capital outlay and initial expense cannot be spared 
and the policy must be to produce something to sell now in order 
to carry on the business, even though it be produced by one man 
carrying through all operations without adequate assistance and 
tools. To this condition have many firms been brought during the 
last year or two, and, absurd as it may sound, inefficiency exists 
because efficiency cannot be paid for; a resuniption of trade will bring 
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an increase of spending power on efficiency methods, which methods 
will again reduce cost and increase trade. 

Granted a sufficient knowledge and experience of factory work, 
the greatest difficulty in organisation is to keep the whole mass of 
interrelated details within the field of consciousness, so that every 
function of control is correctly designed and at the same time works 
in unison with all the other functions. To ensure that a machine 
will work in this way, it is the practice to make a general arrange- 
ment drawing and also draw to scale moving parts in several posi- 
tions ; then it can be said that no part will foul another in working. 
In how many cases do we follow this practice when designing an 
organisation? Frequently we make no sort of attempt towards 
even a general arrangement. 

We may assume then that if we can produce aids to our wander- 
ing attention, and maps for our guidance, we may be able to rise 
nearer to our ideal than without. 

We are probably aware of the fact that every step in manufacture 
from the first idea of the article or process to the delivery of the 
finished product is governed by definite laws which cannot be broken 
with impunity. These laws, however, are probably only subcon- 
sciously known, and should be available in black and white; other- 
wise they are liable to be broken, through being missed. The 
compilation of such a list is a serious task and is outside the scope 
of this paper, but a short summary of some of the more important 
may be given to illustrate this principle of having every detail with 
which we have to contend written down. 

Given that the idea is conceived, the market decided upon and all 
experimental work completed, the laws governing manufacture are 
roughly as follow :— 

(a) No article can be efficiently produced unless and until satis- 
factory drawings exist for the guidance of those concerned in pro- 
duction. Under the heading of drawings are included list of parts, 
material specifications, etc. 

(b) Efficient production depends upon the adoption of a quantity 
schedule, which, in its turn, is built up from the selling policy. 

(c) The manufacturing processes are governed by an analysis of the 
product and the manufacturing schedule. 

(d) The plant, jigs, tools, and gauges are dependent upon the 
processes, and are also mutually dependent. 

(e) The size of the buildings is controlled by the plant, the storage 
and the necessary office accommodation. 

(f) The control methods must be designed to give assistance to the 
producing unit, and to supply the necessary information for the 
management of the business as a whole. The following are 
essentials :— 

(1.) A comparison of performance against schedule. 

(2.) Information necessary to find causes of failure to produce 
to schedule. 

(3-) Comparative costs per article, part or process as may be 
required which will give a quick and accurate indication of the 
amount of and variations in overhead charges, material, and 
labour costs. Costs must also be able to give a periodical 
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financial report on the state of the business, or supply the 
accountant with the necessary data. 

(4.) Data on which an intelligent promise for delivery may 
be used. 

(5-) Data on which the purchase of material, supplies and 
tools may be made in anticipation of the need. 

(6.) A clear allocation of responsibility both functional and 
personal throughout the business. 

(7-) The control and direction of the activities of all staff and 
workers employed towards the attainment of the schedule by 
efficient methods. 

(8.) Instructions to the production floors re machines, jigs, 
tools, gauges, and processes for all manufacturing and inspection 
operations. 

(g9.) Arrangements for the receiving, inspection, and storing 
of all goods coming into the business, storing parts and com- 
pleted product, and delivery of product. 

(10.) Provision for the inspection and upkeep of plant, 
machinery, jigs, tools, and gauges. 

(11.) Definition of the interrelation of all departments and 
means of communication. 

Each of the above statements contain within themselves rules and 
definitions which would be usefully written down; let us hope that 
some day someone will find the necessary energy thoroughly to 
explore the whole matter. 

The problems met with are of two vastly different kinds, neglecting 
for the moment differences of magnitude; these are the organisation 
of a new shop and the reorganisation of an existing one. The pro- 
cedure called for is different in each case, and each has governing 
considerations of a different nature, so it will be as well to examine 
each separately. The new factory gives the organiser his oppor- 
tunity to reach out towards his ideals, restrictions are fewer than 
in the case of reorganisation, but, on the other hand, there is nothing 
in existence that will carry on and fill in the gaps which the organiser 
has not foreseen. For this reason the provision of charts and maps 
to help the systematic analysis of the product and synthesis of the 
organisation is more than usually necessary, and a specially wide 
experience is needed by the organiser so that he may know where 
to avoid the many traps and pitfalls that may lead to his undoing. 

What is the ideal to be aimed at in the starting of a new factory ? 
On a certain pre-arranged day there should be the factory built, 
equipped as far as necessary to proceed with the first outlined pro- 
gramme; all drawings, jigs, tools, and gauges should be ready and 
material in stock ready to be issued. Further, the system of control 
should be complete in every detail, and a nucleus staff who under- 
stand the routine thoroughly should be ready to carry on all the 
necessary functions of the organisation. The labour should be ready 
to start on Monday morning, and should find machines, drawings, 
jigs, tools, material, and clock cards all to their hand. 

With the necessary time to prepare everything, such an ideal 
could be very closely approximated, but, unfortunately, this, the very 
foundation of a manufacturing business, has to be rushed in order 
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that cash return may be expedited; also builders are wonderful 
folk for underestimating the time required for the completion of a 
piece of work. 

The organiser must, therefore, keep a very wide field before him 
if he is to obtain satisfactory results. It is difficult correctly to 
lay out a factory, and to make a given product with anything 
approaching accuracy until operations, operation times, and plant 
are decided ; but it is obvious that building must be done while this 
work is being attended to. The first step, as soon as the designs are 
settled, must be to estimate carefully the plant that will be required, 
and to design the factory to this estimate, leaving an excess of 
floor space both for future development and for possible under- 
estimation of the plant required. Where grouping is to be by 
machine type, this estimation will be somewhat simpler than where 
each department is to possess a balanced plant to produce continu- 
ally one definite article. 

Simultaneously with the building we must proceed with detailing, 
processing, jig and tool design and tool-making, at the same time 
making lists of parts with a correct numbering scheme and bills 
of material for the guidance of the buyer or planning clerk when 
he comes on the scene; in some cases it will be necessary to fix 
contracts for the supply of materials at the earliest possible date, 
especially if markets are expected to rise. 

Having set the drawing office to work, and arranged for outside 
firms to do the tool-making until the home tool room can start, 
the organiser must turn his attention to the controlling and record- 
ing functions of the works. This has already been started in the 
drawing office by the numbering scheme and lists mentioned above. 
Next in order of importance is the costing, unless all the drawing 
office and other preparatory work is to be written off as a capital 
charge at some future time. In such a case the necessary figures 
will appear in the financial books of the firm, assuming that a 
secretary or accountant is operating even before the factory 
organiser. The whole scheme for costing should be laid down in 
black and white, particular care being taken to collect and analyse 
overhead expenses; time clocks and cards should be procured early 
so that the first employees, usually the millwrights, may clock on 
the correct allocation from the first day. 

Space will have been provided in the layout for stores, for which 
bins and racks must be designed if standard purchasable equipment 
is not suitable. Every article received by the firm should go 
through stores from the very first delivery, and should be charged 
out through the correct routine to the correct account. The 
organiser himself will probably be the first purchaser, and the first 
purchase the order book to order with, and even this should have 
its correct receipt and issue if we are going to reach the ideal 
we have set for ourselves. The installation of the purchasing 
department must come soon, but the early work of every function 
falls upon the organiser or his assistant, and these must endeavour 
to clear from themselves such detail activities just as soon as there 
is enough work to justify the existence of additional staff. 

The first manufacturing programme must also be the organiser’s 
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own work, as also is the complete detailing of the planning and 
progress system; all such routines must be laid out, and full details 
and printed matter arranged and ordered, so that the expense of 
the staff to run the system may be postponed to the last minute 
before the works open; time should be allowed, however, for the 
staff fully to understand the system they are to work. 

The details of the organisation of each function, drawing office, 
costs planning, etc., will not be entered into here, as each would 
require a paper to itself; but sufficient has been shown to prove that 
the organiser himself must have had actual experience in each of 
the necessary departments, because he must, for a short time, do 
the actual work in connection with each. 

As the work increases, he must surround himself with the right 
men and see that they work to the designed scheme; and, whereas 
the organiser must have an open mind, being ready to accept 
improvements when they are offered, he must definitely refuse to 
allow departmental heads to change or improve upon the system 
laid down, otherwise departments will get ‘‘ water-tight,’’ and 
the correct inter-departmental routines will vanish and _ trouble 
begin. This procedure is very different from that adopted for 
reorganisation, as will be seen later, and it sounds hard on the 
incoming man to have to work a scheme designed by another. In 
a way, it may be so, but if we imagine several functional heads set 
to design their own organisations without any previous knowledge 
of each other’s methods or departments, we can also imagine the 
chaos which will result from their endeavours, however good each 
may be; further, the expense of employing these men long enough 
before the factory operates to allow them to do the work in com- 
mittee precludes this other alternative being adopted. It is hardly 
necessary to point out that the men engaged must be informed of 
the position, must be shown the routine, and must be willing to 
co-operate with the organiser before the engagement, as without 
their willing assistance the whole fabric must be torn to pieces. 

To summarise the procedure in organising a new factory, as far 
as it is possible from general considerations :— 


(1) Estimated layout of factory for building purposes. 

(2) Proceed with building, establish a temporary drawing office. 

(3) Attend to the purchasing of equipment and materials. 

(4) Determine costing routine, and allocate, however roughly, 
current expenditure. 

(5) Organise the stores and pass all goods through from the 
earliest possible moment. 

(6) Organise a purchasing department. 

(7) Establish progress and planning departments and prepare 
manufacturing programmes. 


The important considerations of site in relation to markets, raw 
materials, and labour have not been discussed, although they must 
not be lost sight of; also much may be said regarding the erection 
of plant and power layouts, etc., but this paper is intended to out- 
line the steps in the control methods and to give some hints to 
simplify procedure. 


L 
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In reorganisation, the essentials are entirely different. Here we 
have, as a rule, designs, drawings, equipment and buildings all 
in order, with a staff running them. It is obviously absurd to 
think that any man can go into such a firm and make the necessary 
alterations himself by means of forcefulness or nigger-driving ; such 
methods have been tried, and have failed, many times. 

It behoves the organiser to spend his early days on the job, 
learning the methods and routine and making friends. Diagnosis 
of the disease is the first thing to be done, and it will usually be 
found that many of the existing staff can tell at least some of the 
trouble if they be encouraged to do so. This investigation must 
be a systematic analysis and not a haphazard look round. Probably 
much good can be found in the existing organisation, for the simple 
reason that it has evolved to suit the particular circumstances, but 
the departments are likely to be organised without reference to 
each other. A further essential is to avoid altering anything, how- 
ever hopeless it may seem, until a definite plan of action has been 
arranged. Dislocation must be prevented at all costs; rapid evolu- 
tion ‘‘ according to plan ’’ must be the order of the day, and nothing 
destroyed until the new something is there to carry on. 

The personal and psychological considerations have been so ably 
discussed before this Institution that the author is not entering into 
that field (not because the matter is unimportant—it is of vast 
importance), but because he realises that he cannot improve upon 
a previous paper 

Taking it for granted that the goodwill of the majority has been 
gained, by no means an easy task, by what steps shall we rebuild the 
organisation ? 

Going back to our definition of organisation as assistance rendered 
to the production unit, it seems that this production unit is the best 
end to start. See, therefore, that machine grouping is as good 
as it can be, that operations, jigs, and tools are right, and that 
adequate inspection exists to deal with the parts or assemblies 
produced. When this is in good order, commence to supply those 
services of which mention has been made. 

In turn see that the stores, planning department, drawing office, 
and costs office are rendering the necessary assistance, and see 
also that each is assisting the others to the same end. The rule 
should be:—Do everything that can be done to help, and do 
nothing that cannot justify its cost of doing. 

As in production work so in organisation, it is well to make a 
schedule of work, and keep rigidly to it if possible; in other words, 
the organiser must have his task and must measure his perform- 
ance against it. He must not skimp his work in order to keep 
to the schedule; his personal attention must be given to each 
change, and must not be withdrawn until the new method is 
working smoothly and regularly. If this is done, the ground will 
not have to be gone over again, but each change must receive a 
visit of inspection from time to time to make sure that all is 
in order. 

One would like to take every function by turn and state all the 
laws governing their working; this has to be done some day, but 
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the scope of the present paper does not allow of such treatment. 
Mention has been made above of the maps and plans which may 
be drawn up to help an organiser in his work, and it is to these 
that we must pass on. 

The following notes have been compiled for two main reasons, 
although they fill many other useful purposes. These are :— 

(a) To obtain a complete bird’s-eye view of the problem. 

(b) To obtain a list of details which have to be covered by the 
organisation. 

First in importance is the organisation chart, which shows the 
connecting links between departments and the responsibility of 
individuals. The charts are really the final piece of work, although 
rough charts must be made out at an early stage, and gradually 
corrected as we more fully understand the problem. Organisation 
charts are so well known now that further time will not be spent 
on them. 

The first general map is a list of main functions to be performed 
in the factory, which are, in turn, subdivided until every little 
detail of work that may have to be done is carefully listed. Such 
lists may look absurd, as it is obvious that many details here listed 
will not be required at all. They should, however, contain every 
conceivable detail, as the list once made stands for ever, with the 
exception of additions as they become necessary. 

To put these lists into use, the organiser studies the product 
to be made, for which methods of inspection are detailed later, and 
asks himself if the circumstances are such that machinery must 
be put in to control each little detail, those unnecessary being ruled 
out, and others of minor importance under the existing circum- 
stances may be grouped together with a view to controlling them 
by one individual. 

This principle has been used by photographers in cases where 
up-to-date and fool-proof apparatus was not in use. In this case 
a card was made out containing a list of the actions that might 
be forgotten, such as, level the camera, focus, set stop, set shutter, 
take actinometer reading, draw out slide, etc., etc.; as the pro- 
cedure proved useful with less than twelve items, so the necessity 
in a case where hundreds occur is obvious. 

As an illustration, the main functional groups and two of the 
subgroups are here shown with their symbols. 


Matin Functions. 
M.P.—Manufacturing Policy. 
D.O.—Drawing and Experimental. 
S.—Selling. 

A.—Accountancy and Secretarial. 
M.—Manufacturing. 


P.—Purchase. 
S.—Stores. 
C.—Costs. 


I.—Inspection. 
P.P.—Planning and Progress. 
R.M.—Repairs and Maintenance. 
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P.D.—Packing and Delivery. 


INSTITUTION OF 


W.—Welfare. 


C.M.—Clerical and Mailing. 


E.—Employment. 


Sub-group. 


. Issue of catalogues 


PRODUCTION 


EN( 


SERS 


D.O. Drawing and Experimental. 


checks, etc. 


1. Design. 11. Bills of Material. 20. Library. 
2. Experimental. 12. Operation In- 21. Photography. 
3. Detailing. structions. 22. D.O. Supplies and 
4- Jig and Tool De- = 13. Technical File. Stores. 
sign. 14. Tracing. 23. Progressing D.O. 
5. Special Machine’ 15. Blue Printing. Work. 
Tools. 16. Recording Issue of 24. Costing D.O. 
6. Drawings for Pur- Prints. Work. 
chase. 17. Alterations. 25. Technical meetings 
7. Drawings for Sales. 8. Routine for Issue and their minutes. 
8. Specification. of Information. 26. Numbering 
g. Standards. 19. Authorisation of schemes and cata- 
10. List of Parts. D.O. Work. logues. 
Sub-group. S. Stores. 
1. Receiving stations. 1o. Pattern stores. 18. Returnable 
2. Inspection of tr. Scrap disposal. empties. 
goods. 12. Not-in-stock pro- 19. Petrol and inflam- 
3. Issue of goods. cedure. mable storage. 
4. Sub stores. 13. Store credits and 20. Resales to em- 
5. Raw material returns. ployees. 
stores. 14. Stock records, 21. Special bins and 
6. Finished part stocktaking. racks. 
stores. 15. Requisition. 22. Reclaiming waste 
7. Supply stores. 6. Stationery stores. and oils. 
8. Tool stores. 7. Loan stores, 23. Laundry. 


Besides the above helps to memory, there are also departmental 





connecting links which serve to give instructions for work to be 
done or to advise that work has been done. It is unnecessary to 
discuss these in detail, but a list should be prepared even of these, 
familiar as they are. 

The more important are :— 


(1) Manufacturing orders, either for stock or against customer’s 
order. 

(2) Requisitions for internal work. 

(3) Purchasing requisitions. 

(4) Stores requisitions. 

(5) Work removal cards. 

(6) Time cards. 

(7) Cost collecting sheets. 


Each such form should have its route printed at the bottom, and 
duplicate copies should contain their correct route, which may differ 
entirely from the top or original copy. Further procedure for issue 
and sanction must be clearly laid down, so that an authoritative 
check may always be kept. 
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Should the factory premises already exist, organisation may be 
considerably simplified by a drawing of the buildings, which may 
be tinted to represent the main functions listed above, the idea 
being to keep closely interrelated departments as near together as 
possible. Since the progress department is the hub round which 
all else revolves, it should hold the central position, all manufac- 
turing departments being as points on the rim of the wheel. 

This statement may want explaining, as the author is aware that 
many do not use the progress section to the extent he considers 
advisable. This department should perform as many of the clerical 
functions for the works as possible; it should receive the original 
manufacturing order; should requisition drawings, tools, jigs, 
gauges, and material internally; and should see these all collected 
and delivered to the machine at the right time. Also it should 
supply the cost office with the data on which the costs are based. 

When the above-mentioned drawing of the premises is complete, 
the inter-departmental routine may be mapped out thereon, as also 
can the route movements of the actual manufactured product. We 
have heard much discussion about the sequence of operations and 
saving handling time, and are fully aware of its importance, but in 
spite of this we frequently lose sight of the fact that the various 
offices have to be in equally close touch, so that the staff do not 
spend much of their time in visiting, and are consequently not 
much away from their respective offices. 

Cannot we now lay down some similar methods for investigating 
the actual product ?—for there are many things which may escape 
our notice and trip us up at some future date if no help to sys- 
tematic investigation is available. 

There are, first, a series of general considerations which deeply 
affect the organisation, and which are easily placed in tabular form 
for our guidance. They concern just the preparedness for pro- 
duction, and later the outside services to be rendered to the 
customers. 

The following is a list which is still in process of evolution :— 


GENERAL CONSIDERATIONS, 





Is_ the 
complete ? 

Is all patent work complete? 

Is design and detailing of 
product completed ? 

Is the jig, tool, and gauge 
drawing finished ? 

Do jigs, tools, and gauges 
exist ? 


experimental work 


Are special machine _ tools 
required ? 
Is outside erection necessary ? 
Is outside maintenance neces- 
sary ? 
Have spare 
stocked and sold? 
Have supplies to be stocked 


and sold? 


parts to be 


Clearing up these points at an early stage will greatly simplify 
the work, because due provision may be made for each and guidance 
as to the capital expenditure necessary may be more accurately 


estimated. 


The product itself must be examined quantitatively and qualita- 
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tively, both as an assembled unit and in its components, and it may 
be seen that a thorough examination will, of a necessity, control the 
organisation chart? Up to now, however, the author has not been 
able to combine the functional details given earlier in the paper with 
the investigation chart given below in a form of cause and effect, 
although the relation is undoubtedly there. The difficulty is that 
there are so many factors controlling so many functions that at the 
moment we must do some hard thinking without being able to pro- 
duce mathematical formula. One should be able to get down toa 
more exact science than has been used up till now, and, in any case, 
a complete and systematic analysis of the problem will help to fix 
the particular attributes of the product in the mind of the organiser. 

The next chart shows the examination of the product as a whole. 


PRODUCT. 


Quantity. Quality. 
Mass production. Simple. 
Manufacture for stock. Complex. 
Manufacture to order. Variable. 
Making for stock, Stable. 
Making for order Large. 
Building. Small. 
Varied size. 
Robust. 
Delicate. 


In guantity these descriptions are given in preference to numbers, 
although, unfortunately, every one of us will have different ideas as 
to the meaning of them; similarly, such adjectives as large and 
small convey little meaning, and have infinite graduation between 
them. Time is not available to lay down a definition of each, but 
this should and may be done some time, so that all may have a 
given value and enable us to speak with greater accuracy than we 
do now when discussing our organisation problems. 

With regard to the examination of the product in detail, we must 
analyse under several different headings, which for the present we 
may take to be :—(1) The components themselves. (2) The manu- 
facturing operations to produce them. (3) The necessary jigs and 
tools. (4) The finishes and tolerances. (5) The condition of 
materials as purchased. (6) The assembly operations. 

These are shown in chart form on p. 151. 

This is admittedly very rough, and at the moment needs much 
elaboration to make it of full use, but it is capable of development 
into a careful idea if it can be combined’ with the synthesis of the 


organisation. 
Quantity. Mass production. 
Quality. Complex, size small, delicate. 
Components. Complex, small, delicate, numerous. 
Operations. Special, automatic, delicate, numerous. 
Jigs and Tools. Special, numerous, delicate. 
Finish. Accurate, fine finish. 
Material. Semi-manufactured, delicate. 


Assembly. Complex, skilled. 
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EXAMINATION OF PRODUCT. 
Com- Manu- Jigs and | | 
facturing i oe Finish. Material. | Assembly. 
ponents. Operations. Tools. | ) 
Simple. General. |General. Accurate. |Crude. Simple. 
Complex. |Special. |Special. Rough ‘Simple. Complex. 
Limits. 
Robust. j|Automatic.|Numerous. |No Limits. |Complex. Skilled. 
Delicate. |Semi-auto. |Scarce. Fine Semi-manu- |Semi- 
finish. factured. skilled. 
Large. Hand. Robust. Rough Manu- |Unskilled. 
finish. factured. 
|Small. Robust. Delicate. a |Robust. 
Varied Delicate. _- — ‘Delicate. 
size. | 
Numerous.| Assembly _- — pa 
only. 
Scarce. Numerous. — | — — 
aa a - _- - 
| | 








For it cannot be denied that a product giving the above analysis 
would require a drawing office of large size and many functions, 
stores, planning, inspection, etc., of a very complete nature, and, 
in fact, is what we might call a Class A organisation. Perhaps it 
is not so far ahead when we shall be able to describe a factory 
among ourselves as having a Class A drawing office, a Class C cost 
office, an A stores, and a C progress section, and know within 
fairly fine limits what we mean. At present we are confined to a 
wordy description in which the speaker’s habitual use of adjectives 
will lead or mislead his hearer in his attempt to see with the 
former’s eyes. 

In factory organisation, as in other things, there are numerous 
“*Don’ts ’? which might be mentioned with profit, but we will confine 
ourselves to a few of the most important. The first, which is par- 
ticularly applicable to new factories, is: Don’t over-elaborate in 
the early stages. It is quite possible and highly interesting to go 
in for time and motion study on every operation, to cost every opera- 
tion, and to store up records of production, the “‘one best way ”’ is 
likely to become a thing to be worshipped, especially among our 
friends across the water. 

Undoubtedly it is desirable, and much time and money may be 
saved by the elaborate apparatus and highly trained staff engaged 
for the work, but we must realise that this procedure costs a great 
deal. During the early months, or perhaps years, of a factory’s 
existence it is a question of paying out money for buildings, plant, 
equipment, salaries, and wages, with no income until parts are pro- 
duced, assembled, sold, and the customers choose to pay the bills, 
so that economy is absolutely essential except in that rare instance 
where capital expenditure is of small consequence, It will be many 
vears before we can spend again as we did during the war. 
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It is essential to watch overhead expenses from the first, as these 
are sure to be high, and will drop as a percentage when more labour 
is engaged; at any rate, the on-cost will be considerably greater 
than the direct labour charge, and it is perfectly easy to spend on 
staff all or more than can be saved on labour and overhead com- 
bined. As a suggestion for costing in the youth of a factory, it 
should be sufficient to cost by part number instead of by operation, 
and overheads may be gathered under about a dozen headings, 
divided monthly by the total productive hours to give an hourly on- 
cost rate to be charged on all productive work for that month. This 
method has a great advantage that the overheads are being charged 
as they occur, and as the various items of which they are composed 
are fairly accurately determinable the hourly cost can be accurately 
estimated for the gradually increasing number of employees and 
the consequent productive hours. 

The list of monthly overhead orders is given here, as it may be 
useful; further elaboration may be done when necessary by depart- 
mentalising and subdivision, but a machine rate or floor-area dis- 
tribution of on-cost should be delayed until the factory is paying its 
way, if it is a desirable thing to do at any time. 


(1) Indirect material and labour. 

(2) Repairs and maintenance of plant. 

(3) Repairs and maintenance of buildings. 
(4) Repairs and maintenance of small tools. 
(5) Experimental work. 

(6) Drawing office. 

(7) Progress office. 

(8) Stores. 

(9) Supervision. 

(10) Inspection. 

(11) Transport and carriage inwards. 

(12) Power, heat, light, ventilation. 

(13) Rates, rent, taxes, professional charges, insurance, welfare. 


A decision has to be made where capital expenditure ends and 
manufacturing expense begins which will modify the above list. 
For instance, jigs and small tools may be depreciated as plant and 
charged to capital expenditure for the first twelve months; also, 
certain design and experimental work may be written off and called 
goodwill. The organiser will usually find the owners or directors 
having very definite views on such subjects, depending upon the kind 
of balance-sheet they desire to show, and he had best fall in with 
their desires unless he has sufficient financial knowledge to force 
his own opinions. 

A word about wages and the prevalent tendency to reduce them 
on every occasion. As a general average a fair estimate of the 
selling cost of an article would be :—Material, 1o per cent. ; labour, 
20 per cent.; factory on-cost, 30 per cent.; selling and accountancy, 
40 per cent. 

Other figures given from experience would be very interesting, 
but the percentage must vary according to the product. If this is 
true, it seems wonderful the amount of energy expended in trying 
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to reduce the first two, whereas the two on-costs are hardly looked 
at and much less analysed. To buy cheap material is to increase 
both the labour and the factory overhead with the possibility of a 
poor product, and to cut labour is to introduce a host of difficulties 
into the shop and to reduce the production per shilling’s worth of 
labour. 

To encourage labour to produce by making a contented shop, to 
buy material which may most efficiently be turned into product, 
and to organise scientifically are the three great needs of industry 
to-day. If the employer does not realise it he will fail, and if he 
fails he and many others will go to the wall. Let us, therefore, 
take our stand as professional men on these facts and preach them 
as our gospel. 
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THE DISCUSSION. 


In introducing Mr. Gerard Smith, the chairman, Mr. Walter L. 
Fisher, Vice-President, said the paper was to be of an administra- 
tive character, not so intimately associated with the processes 
of production as others that had been read before them. He 
thought, however, that papers such as the present one were im- 
portant, because a production engineer’s job was essentially a step 
to the higher positions. Most production men were en route, as 
it were, to better jobs, and were going to do bigger things later on. 
Vherefore, he felt they ought to pay very careful attention to papers 
of this kind, which dealt so much with the policy and administra- 
tion of a business. The big mistakes were not made by the men 
in the shop—a certain amount of scrap occurred there; but such 
things were measured in relatively small sums of money. A business 
went to pieces when it was not properly run, when the objective 
and the product were not right. In this connection he thought 
they ought to be very much interested in what Mr. Gerard Smith 
had to say to them, because Mr. Gerard Smith had a good deal of 
experience in organising for production. He (the chairman) hoped 
they would discuss this paper very thoroughly, though he thought 
most pf them were more familiar with the shop and its detailed 
methods. 

Mr. GERARD SMITH having read his paper, the chairman declared 
the discussion open, and Mr, Turnett spoke. He said he had 
not noticed in the paper any reference to estimated costs for rate 
fixing. The lecturer had spoken of costs after the production of 
the article, but had made no reference to estimated costs before 
the article was produced. Would he mind stating how this matter 
received consideration ? 

Mr. HvuTcHINSON remarked that the paper dealt with the subject 
in such a manner as to make discussion rather difficult. There 
were, however, several items which he regretted were not men- 
tioned, for, although the paper covered those things which were 
organisable, and therefore more or less easily overcome, it did not 
deal quite as sufficiently as one would have hoped with the many 
difficulties that beset the individual responsible for organising. In 
this respect he referred particularly to the organiser or administrator 
who had to carry on when the factory was running, and not so 
much to the person who first outlined the general scheme. The 
voints that were, to his mind, missing were those referring to 
matters constantly arising which were more or less outside the 
control of the works management. He referred to alterations and 
modifications of design, the replacement of scrap, and decisions 
when parts were not correct to drawing if they could be used or 
not. It was a frequently discussed matter as to whether one should 
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use parts which were only slightly outside the predetermined limits 
simply because they were not absolutely true to drawing, and this 
was a very important question in the present-day manufacture of 
interchangeable components. It was very easy to say, “We will 
not scrap this part, but will use it,’’ but it was necessary to con- 
sider, on the other hand, the effect in the shop. 

A further point related to rate fixing, which was one of the most 
important features in the organisation of production. This matter 
covered not only the setting of correct times to start with, but the 
taking of the requisite steps to ensure that they were adhered to. 
It was also necessary for the rate-fixing department to be kept 
intimately in touch with all modifications, and also to be active in 
improving and deciding when more efficient methods can be adopted. 

Replying, Mr. GERARD SMITH said that he wished time had per- 
mitted him to go further into detail than he had done. He had not 
mentioned rate fixing, and it was for this reason: in his experience 
he had found that the best method of payment by results was not 
by piecework, but by the premium bonus scheme. 

He believed very firmly in committees, and would develop that 
matter further. When a product was designed a Design Committee 
was appointed, who either accepted or rejected that product. The 
function of that Design Committee was more that of management 
than anything else. It had to be satisfied that the machine or 
product was exactly what was wanted to make it a marketable 
proposition. Next, before production was commenced the designs 
were considered by a Jig and Tool Committee, on which were in- 
cluded the designer, chief inspector, chief tool draughtsman, and, 
in some cases, the heads of the department who would be required 
to use the jigs and tools. By this means, once and for all, the 
broad principles of the manufacturing layout were determined, and 
at the same time it was possible, more or less, to fix an estimate 
of the selling price. When all the men who were definitely going 
to deal with production got together, a very good idea of what 
the actual job would cost could quickly be made available. At 
the meetings of the Jig and Tool Committee the varying manufac- 
turing operations were listed, as well as the necessary jig and tools 
and gauging methods. If this procedure is adopted, and the jigs, 
tools, and operations are laid out from the minutes of the meetings, 
it is impossible for an executive afterwards to say, “ Here is a jig 
I know nothing about and it is impossible for me to use it, and 
I want the job done another way.’’ Everyone had their fair chance 
to take part in the debate, and would be equally responsible with 
the others of the Committee for the selection of the manufacturing 
processes. 

Regarding Mr. Hutchinson’s remarks on the replacement of scrap 
and the rectification of faulty work, he (Mr. Gerard Smith) believed 
that it was necessary also to determine at the production meeting 
the limits which were to be worked to. When once decided, the 
limits should be rigidly adhered to. Further, when any product 
was properly jigged, scrap should not exist in any quantity except 


‘with faulty material. Some of the chief reasons for the production 


of scrap were the wear and tear of jigs and gauges which eventually 
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wore beyond their tolerance. It had been mentioned in the paper 
that it was necessary to arrange for periodical inspections of jigs 
and tools and gauges, and if this procedure were properly carried 
out the point raised should adequately be covered. 

In connection with actual inspection operations in the works, he 
was of the opinion that absolutely no allowances should be made 
until the work had been inspected by the foreman who had produced 
it, in conjunction with the chief inspector and the works manager. 
At this stage it could be quickly decided whether it was preferable 
to rectify the faulty work or whether it was necessary to scrap it 
entirely. Assuming that matter decided, then was the time to look 
into the problem of why the work was scrapped. 

All suggestions for improvements, no matter where they emanated, 
should sympathetically be considered by a committee, and, if neces- 
sary, rejected by that committee; and this procedure led to con- 
siderably less ill-feeling than if a stated objection were authorised 
by any one individual. 

“He (Mr. Gerard Smith) realised what a lot of money could be 
spent in connection with experiments, but he thought that works 
managers and others were, on the whole, too shy and rather inclined 
to turn down the doubtful, especially if it were distinct from normal 
practice. On this account, therefore, it seemed possible that quite 
a good number of ideas were lost. 

Mr. Hancock stated that he thought that Mr. Hutchinson had 
referred in his remarks to changes in design rather than changes 
in manufacture, and Mr. Smith in reply to this remark stated that he 
had intended his reply to refer to both matters. 

Mr. SOUTHWELL mentioned that changes in design were most dis- 
astrous to efficient production, but seemed necessary in view of 
present-day competition, in order to keep up with the market. 

Mr. W. L. Fisuer, Vice-President, remarked that this raised the 
question of price, and he did not know whether he had understood 
Mr. Gerard Smith quite correctly when he said that price was a 
thing to be settled when the factory was up and the product planned 
as to kind and character. It seemed to him that the price was a thing 
that must be settled first, and that methods of production and all 
the machining processes and limits arranged later, and with price 
always in view. Having decided on your product, you decide also 
on your market price, and if it be not possible to make it at the price 
and at a profit and with a margin for further reductions as com- 
petition developed, it was far better not to lay the first brick of the 
factory. Briefly, price first, then manufacture well within the price 
fixed so as to permit reductions if competition develops. 

Mr. Situ stated that Mr. Fisher’s remarks were, of course, neces- 
sarily true, but there were a variety of cases in which things were 
different. For example, if a special product were designed and mar- 
keted that could do what no other appliance could, the price was 
to a certain extent immaterial. He had seen a special type of filter 
at a recent exhibition, and this device he imagined could be produced 
for less than £2, whilst the nearest competing device cost about 
4300. Naturally, the more cheaply produced device was sold at 
4100, which was, of course, an enormous figure in relation to the 
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manufacturing cost. In such cases one naturally went ahead and 
produced the articles as efficiently as possible, and the price did not 
really matter to any great extent. 

In the majority of cases, however, competition was very keen. For 
example, he would not like to start now the manufacture of type- 
writers, of which there were some dozens of makes on the market, 
for, unless it was a very special class of typewriter, with claims far 
ahead of conventional types, it would be necessary to settle the price, 
manufacturing policy, and every other consideration before any manu- 
facturing activities could be started. He had recently come into 
contact with a process which offered considerably better results than 
anything else on the market. He had been told ‘‘ You have got to 
make the necessary apparatus to sell at £40,’’ and he said, ‘“‘ I am 
sure if I make that machine to sell at £70 or £480, and make it twice 
as accurate as at £40, a better market will result.’”? The decision, 
however, had been in favour of the 440 machine, and since then 
quite a lot had been sold. It, however, had been proved not as accu- 
rate as wouid have been liked, and had to be re-designed at a con- 
siderably higher selling figure. In that case, as very often it did, 
the selling policy had controlled. In such instances one had to cut 
the suit according to the cloth, and a manufacturer might be com- 
pelled to say ‘‘I cannot do it at the price.” 

Mr. W. H. Storey said he realised that it is essential to allow for 
a certain margin for price reduction against competition, but he 
thought, however, that such competition could be covered to some 
extent by more efficient methods of manufacture. These should 
result from greater knowledge as the components were produced, 
and the factory was running more smoothly, whilst the overheads 
which were high in the first place could be gradually reduced. 

Regarding suggestions, it was unfortunately true that if one asked 
for ideas for the improvement of the factory, the method of manu- 
facturing the products, etc., one was rather apt to be looked upon 
with derision. He himself had tried to evolve a suggestion scheme 
whereby a weekly prize was awarded, no matter whether the sug- 
gestion was adopted or not, and, further, he arranged for a small 
percentage to be given for those suggestions which were adopted, but 
even this system did not prove satisfactory in use. Upon taking 
charge of a new department, he had asked the charge hands and 
foremen under him to make a few suggestions and for some days 
the suggestions arrived at the rate of several per hour. He had been 
forced to stop this by asking them to write a suggestion sheet, but 
after that unfortunately they never seemed to have suggestions to 
make. Very often when the men made suggestions they were laughed 
at, but even if they did appear ridiculous at first sight, employees 
should be encouraged to offer new ideas. 

The question of scrap and rejection was certainly a very difficult 
one. He, himself, had come across instances where, by rectification, 
parts had been used when they were not within the limits prescribed. 
The question was often raised ‘‘ Can larger limits be allowed? ’’ If 
the answer were “‘ yes,’’ and these increased limits were placed on 
the drawing, each time the limits became a little greater the morale 
of the worker was adversely affected. 
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In his, Mr. Storey’s, opinion, it was preferable after carefully 
determining what limits and tolerance. could be allowed, absolutely 
to scrap those parts which were not to drawing, even if the. procedure 
occasioned some delay. Quite recently he had been enabled to witness 
the effect of this policy of rejecting all parts that were not strictly 
within limits, the result being that the percentage of scrap had dropped 
something like 90 per cent., and in some cases to less than 10 per 
cent. of the total. 

Referring to Mr. Storey’s closing remarks, Mr. Smrin said that 
his own personal experience might be interesting. He recently had 
wanted what might be called ‘‘Grade 2"’ ball bearings, and he had 
gone to the four big firms manufacturing this class of goods in this 
country and told them that he wanted cheap and low-grade ball bear- 
ings. Each of these firms had refused to consider the proposition. 
They were afraid of introducing into their works any components on 
which the limits were greater than their usual practice for fear of 
teaching their operatives to produce something coarser than the 
first-grade product. As far as limits were concerned, he thought 
that the firms interested were adopting the right attitude. 

Mr. ButLer (Member of Council) had sent a written communica- 
tion saying that he had one criticism to make in connection with 
the paper. He said that Mr. Smith was rather inclined to give the 
progress man the production engineer’s job. 

Replying to this point, the lecturer said that it could be seen 
from the paper that the progress man did not commence his activities 
until the jig was designed and constructed. 

In connection with this point, Mr. SouTHWELL asked why the 
progress man was required to requisition a jig after it had been 
made. 

Mr. Situ, replying to this point, said that the progress man 
requisitioned it from the start. His idea of the duties of the 
progress and planning department was as follows:—A manufac- 
turing schedule is provided which might possibly cover three months’ 
production, and it was up to the progress department to see if 
there were in stock the necessary jigs stated on the drawing or on 
the list of jigs and tools accompanying the drawing. It was neces- 
sary for the progress section to ensure that all the requisite tools, 
cutters, jigs, etc., were in hand for the stated period of production. 
Some jigs wore out very quickly, and it might be necessary for a 
three months’ programme to requisition 300 reamers or 20 punches 
and dies of one type or size. This constitutes the necessary activity 
of the progress department. It was also essential for the progress 
people to retain an adequate supply of raw material, and to keep 
sufficient drawings on hand in case they got oily or torn. In no 
case, however, did he wish to suggest that the progress department 
should contro] the production engineer or engage in any technical 
activities. ‘ 

Mr. SouTHWELt stated that in one particular factory he had in 
mind the planning and tool department controlled the progress 
system. 

Mr. GERARD SMITH stated that he considered it was the progress 
man’s job to see that machine operators individually had no occa- 
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sion to leave their machines to search for material or tools. The 
progress department should take care that every operator was pro- 
vided with drawings, material, and the necessary tools for the next 
job before the one that was on the machine was finished. 

Mr. SouTHWELL said that in the particular plant that he had in 
mind the product was of a universal nature, and there might be in 
production three different types of automatic gear boxes, so he rather 
thought the procedure suggested by Mr. Smith was impossible 
because of the varying nature of the product. He assumed that 
there would be something like 3,750 different components in the 
course of production at once, entailing possibly 12,000 operations. 

Replying to Mr. Southwell’s remarks, the lecturer said that he 
could not see why the procedure was difficult or impossible. It was 
necessary to plan ahead, and it could be determined how long each 
process was to take; and so there was no real reason why everything 
for the second job should not be gathered together before the first 
one was finished. 

Mr. SouTHWELL said that, assuming that one batch of com- 
ponents occupied the machine for a week or month, it was possible 
to adopt Mr. Smith’s scheme, but he thought conditions were very 
different supposing the batch of components only occupied the 
machine for a few hours. 

Mr. Situ said that he had seen the procedure carried out in 
shops where there were many batches of components only requiring, 
perhaps, half an hour for any one particular operation on the batch. 
In that case a work exchange was formed close to the tool room, 
and all the jobs for the various machines were collected together. 
Very often three or four jobs were ready for one machine at once, 
and it was possible to issue two jobs at the same time if considered 
desirable. There should be a duplicate set of tools for each 
machine, and as one set became worn a messenger should remove 
them for grinding, and the operator would then be able to keep 
his machine in continuous operation. 

Mr. SOUTHWELL said that troubles were by no means eliminated 
by the exchange of dull tools. It was often necessary to try a dozen 
reamers on various classes of material, such as phosphor bronze 
and cast iron, before obtaining the correct size. 

Mr. SmMitH said there were exceptions to every rule, but in his 
mind there was nothing to prevent the operator having two reamers 
that cut to size. The main principle was to keep him continually 
employed on actual production. 

Mr. SOUTHWELL said he appreciated the lecturer’s ideas on this 
point, which were very sound, but with the vast number of products 
handled in many shops the capital outlay on such numbers of tools 
would be terribly high if the scheme outlined were adopted. Con- 
tinuing, Mr. Southwell said that he thought that in shops where 
the really intensive production of one product, type, or model was 
carried on, the works organisation was a simplified matter. This 
was not the case in factories where perhaps several types of models 
of machines were being made. Under purely intensive production 
conditions it was possible to plan for a year ahead in practically all 
respects. Most motor car factories, for example, were not in a 

















160 THE INSTITUTION OF PRODUCTION ENGINEERS 


position to order materials in large quantities at a time, but had 
to buy more or less against sales. Material was delivered in 
varying quantities, and very often certain deliveries were rejected 
by the physical test department, and it was necessary then to use 
some other alternative material to ensure delivery. Under these 
circumstances it seemed to him that it was very much the work of 
a technical man to see that the correct alternative material was 
employed. 

Mr. SmiTH said he quite appreciated Mr. Southwell’s remarks, and 
added that matters were often more complicated. For example, 
consider a firm engaged in making marine engines where 
one was made for a special order and never repeated. Even under 
these conditions the ideal state of affairs was still there, and the 
nearer the production engineer could approach to it in the varying 
circumstances, the better for the firm. 

Mr. Smith remarked that in the end one came back to the 
fundamental fact that each individual factory must be organised 
on independent lines. . Naturally, however, there were certain 
general principles that were applicable to practically all manu- 
facturing organisations. 

Mr. GartTSIDE said that he had been very interested in Mr. 
Smith’s paper, and perhaps the previous speakers had been rather 
too critical, for the methods of organisation outlined may have 
been evolved to suit a certain class of manufacture. Mr. Smith 
perhaps made typewriters, and he (Mr. Gartside) would like to 
know whether the works were organised on the lines suggested in 
the paper, and whether they had all the charts and records that 
were mentioned; or was it merely a theoretical paper? Some men- 
tion had been made about starting with building a new works, and 
he thought that this was a much easier proposition than re- 
organising an established concern. He thought that the organiser 
seemed to be a very important person as described in Mr. Smith’s 
paper, and he wondered to whom the organiser was subordinate. 
Further, if the works were organised on the lines Mr. Smith pro- 
posed, would it work automatically after the original organiser 
had departed ?—for that was one of the difficulties that Mr. Gartside 
had encountered. He, naturally, had his own ideas with regard 
to organisation, and he asserted his authority to see that they 
were carried out. Just as soon as he turned his back, however, 
someone else came along with other ideas, and the tendency was 
once again to upset the whole organisation. 

Some mention had been made of committees to give decisions in 
connection with the designs for manufacture and methods for 
production, and he considered that this principle was strongly to be 
recommended. Inaugurating a new works did not interest him 
personally as much as reorganising an old works, and he rather 
wondered what Mr. Smith would do with the works of Mr, Gart- 
side’s own firm, where every machine that was made was prac- 
tically a special one, and it was very seldom that they made two 
or three machines alike at the same time. This, of course, neces- 
sitated a very large drawing office organisation, and he thought it 
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was one of the most difficult businesses in the engineering industry 
to carry on profitably. Some talk had taken place about “looking 
and planning ahead,”’ and he (Mr. Gartside) thought that was one 
of the biggest problems in the engineering trade; for, generally 
speaking, managements did not look ahead. As far as machine 
tools were concerned, discussions took place every two or three 
years about buying machines, and then when sanction was eventually 
obtained many executives cut down the time required for delivery 
so that it was almost impossible to devote sufficient time to the 
designing of the machine required. 

Mr. W. H. Storey said he thought that the organisation outlined 
in the paper represented an ideal. In the past he had worked 
with Mr. Smith, and he knew that most of the ideas put forward 
could be achieved in practice, though not all. It seemed to him 
that there was combined in the paper a basis upon which a new 
organisation could be built up or an old one revised. The successful 
business man in planning ahead did certain things subconsciously ; 
and if in the building up of a satisfactory organisation one could 
bring one’s ideas from a subconscious state so as to be able to 
visualise beforehand the complete plan of campaign, one could 
obtain something approaching Mr. Smith’s ideal. If matters of 
organisation were tackled in a haphazard way, as so often was 
the case, it was important to note the proper conditions of the 
layout of the different departments. 

Referring to the remarks by Mr. Gartside, Mr. GERARD SMITH 
mentioned that his own personal experience had been in the direc- 
tion of the intensive production of small units; further, he con- 
sidered that the building of single machines did not come under 
the heading of production engineering. 

Mr. GarTSIDE said that in his opinion the making of individual 
models constituted the worst part of production. 

Continuing, Mr. Gerarp Situ said that making a_ single 
machine to an order was a very different problem from repetition 
production of any kind. When one considered the manufacture of 
a 10,000-kw, alternator, that could hardly be counted even as 
“making ’’; it was really ‘ building.’? One only, perhaps, was on 
order at a time, and perhaps there was only one-off of each com- 
ponent. 

He mentioned that the greater portion of his paper was con- 
cerned with the standard practice of a firm, Messrs. Hans Renold, 
where he had worked in a relatively subordinate position, but 
where a considerable portion of his experience had been in con- 
nection with organising. He considered that the present works 
director of that firm was its real organiser. As to the organising 
schemes which he had carried out at that factory, considerable 
modifications had been made since. He cculd, however, say that 
the first man that went into the factory had clocked on to his 
right job and his right account number. Further, the first batch 
of material that had been received entered the stores and was 
assigned to its correct job. The first job issued to the shop had 
gone out with its processes laid out, the necessary component 
drawings, jigs, tools, and gauges. He (Mr. Smith) firmly believed 


M 











162 THE INSTITUTION OF PRODUCTION ENGINEERS 
that this procedure could be carried out, and that it always should 
be done. 

When the reorganisation of existing works was considered, all 
kinds of troubles were encountered. In this respect a twentieth- 
century engineer entering an eighteenth-century shop was apt to 
be nonplussed at the state in which he found it. He did not know 
whether in his paper he had .assigned too many duties to the 
organiser. It was possible to have a works manager who pos- 
sessed full knowledge of controlling labour and a wide experi- 
ence of production, but he might be totally incapable of organising 
an administration for satisfactory working. If he contemplated 
taking on a big job of organisation, he would look around for a 
suitable production engineer to attend to the processing, jigs and 
tools and actual manufacture, etc., and retain his own energies 
for progress, planning, and general organisation. In fact, that 
procedure was necessary, for no one man could control all the 
activities of a large business. 

Another point that he was not in favour of was the appointing 
of an outside specialist to attend to the reorganisation of a factory, 
for, as a rule, the specialist employed his own personal assistants 
only on the job. He did not like the idea of any individual 
attempting to reorganise a dozen firms simultaneously. It was 
practically impossible, unless the specialist had a service of a dozen 
assistants of equal status to himself; but to discover these specialised 
men would be an enormously difficult problem, and to get them 
together into any one firm would also present many difficulties. 
The point he wished to emphasise in his paper was that organisa- 
tion is a science, and not a matter for casual thought in spare 
time; consequently, it is essential for the organiser to be an 
engineer, and he must be thoroughly acquainted with costs, planning, 
and progress routine. There were men employed in cost offices at 
the present time whose idea it was eventually to become industrial 
organisers, and he thought that production engineers generally 
should bear that point in mind. Were not production engineers 
the men intimate with all the procedure inside a factory, and the 
men who ought to control the general administration? 

Mr. A. T. Davey said that Mr. Gartside had mentioned as one 
problem, rather distinct from repetition production, the fact that 
he was building individual machines for special orders. He (Mr. 
Davey) had in mind what he thought was a more difficult pro- 
position. He knew of several large firms in this country employing 
anything from 1,000 to 2,000 workpeople where there were made, 
sometimes singly and sometimes in batches, steam engines, oil 
engines, dynamos, motors, turbines, pumps, etc. Occasionally 
dynamos or motors were made in batches of 25 or 50, or one or 
two at a time, for special orders. In his mind, works of this 
nature constituted one of the most difficult organisation problems 
that could be conceived, and he would be interested to hear what 
Mr. Gerard Smith considered to be the fundamentals of organisa- 
tion in an undertaking of that character. 

Mr. Storey quoted what he thought was even a worse example, 
being that of a factory which was building some 200 different classes 
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of machines in batches of about 25 each, never more than 50, and 
sometimes only 10 at a time. 

Mr. Davey said that he ought perhaps to have made it quite 
clear that the class of firm to which he had referred, when building 
steam engines was probably making these of 20 different types, 
and the same state of affairs applied to the whole of their manu- 
factures. It was quite usual for at least 100 different models of 
various classes of machines to be going through the works at once. 

Referring to the diversity of the products made by his own 
firm, Mr. GarTSIDE said that they had records of having produced 
about 3,000 machines, every one of which was special with regard 
to some detail or another. About three years ago they received 
one order for 130 machines covering a large range, varying from 
small milling machines weighing 15 cwt. up to special machine 
tools weighing 25 and 30 tons. Out of that order 82 machines 
were entirely different, requiring new drawings and new patterns, 
and it had taken 2} years for the order to be completed. 

One of the largest machine tools they made was a locomotive 
frame slotting machine with three heads and weighing 150 tons, 
whilst at the same time they were producing a very small machine 
for engraving the patterns on fountain pens. 

Mr. Davey remarked that he gathered that practically all the 
products of Mr. Gartside’s firm were machine tools, or closely 
allied with the machine tool industry. 

Mr. GarTSIDE said that the products of his firm were certainly 
chiefly machine tools, but they manufactured other lines as well. 
The firm was comprised of three different departments, including 
one which carried out all classes of millwrighting work for cotton 
mills, the second which was engaged upon the production of repeti- 
tion work for various trades, and a machine tool department proper. 
In one section they were making knitting machines with an output 
varying from 50 to 100 per week. There were three drawing 
offices—one for manufacturing, one for estimating, and one for 
machine tool drawings—and they often had as many as forty 
draughtsmen employed at a time. 

The chairman, Mr, W. L. Fisuer, said from his own knowledge 
he, knew that Mr. Gartside’s organisation was unique, and probablv 
there was not a similar organisation in existence in any part of 
the world. It would, therefore, be a trifle difficult to make the 
paper apply, as it was primarily intended to deal with production 
of the ordinary kind. 

Mr. GERARD SMITH remarked that if he had thought of every 
conceivable class of shop and had tried to write a paper covering 
them, he certainly would be still reading it. He thought, how- 
ever, that the discussion had led them to one definite point—to 
the fact that the Americans were ahead of us in connection with 
the production of machine tools, largely on account of standardisa- 
tion. He doubted whether it was efficient in many cases to put 
down a single-purpose tool differing from every other machine in 
preference to using a standard product. 

Mr. Davey said that Mr. Gerard Smith had mentioned the 
advantages that accrued to American machine tool makers from 
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manufacturing only standardised machines, and, speaking from 
his own experience in the United States, he would say he had 
never seen so many machine tools as in that country. He could 
quote three fairly prominent machine tool firms in America who 
would build any special type of machine of their own particular 
class, 

Mr. GERARD SMITH remarked that, nevertheless, he thought that 
95 per cent. of American trade was standardised. 

In conclusion, a vote of thanks was passed to Mr. N. Gerard 
Smith for his interesting paper. 
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COMMUNICATION. 


Sir,—I was much interested in the paper recently read by Mr. 
Gerard Smith before the Institution of Production Engineers dealing 
with ‘Organising for Production.” 

Judging by the general trend of the discussion following the 
reading of the paper, it seems that most persons are under the 
impression that the necessity for a definite and orderly scheme of 
organisation is most essential in a factory engaged in the intensive 
production of a standardised article. As typical examples may be 
mentioned motor cars, typewriters, gramophones, etc. 

To my mind, however, works of this character are by no means 
the most difficult to organise. In fact, when operating under con- 
tinuous normal pressure, they very nearly ‘‘run themselves.”’ 

A fixed routine is either purposely adopted or ‘“‘happens’”’ by a 
general process of evolution, and every executive’s mind is, perhaps 
subconsciously, concentrated on his own phase of activity. 

A very large proportion of the capital invested in engineering 
firms in this country is in connection with what are generally termed 
‘general shops.’’ One can call to mind a couple of dozen or so 
well-known firms of this character, the number of employees in each 
ranging from 1,500 to 3,000. 

Usually the products. represent a very diversified range, including 
boilers, steam engines, agricultural machinery, oil engines, pumps, 
etc., many orders being for plant of a special or non-standard 
character. Very seldom is the output of a works of this character 
constant for any length of time, with respect to any one of its lines. 
At one period oil engines may be in strong demand, and then sud- 
denly steam engines may for a time provide the bulk of the orders. 

Establishments of this character are infinitely more difficult to 
organise efficiently than are the specialised factories. Yet one finds 
that lecturers and writers on matters appertaining to organisation 
make little or no reference to works of this character. 

The reason for this omission appears rather obscure. Firms of 
the general type are many in number, and, further, many of them 
are large in relation to size and value of output. 

They, more than any other class of establishment, stand to gain 
most from efficient administration, and yet appear to consider the 
matter of little importance—or is it that they believe the problem 
to be incapable of solution? The writer is convinced that any type 
of business can be organised to produce efficient results, and that 
no works is too complicated. 

In fact, in most instances, the key to successful operation is to 
inaugurate a simple policy of segregation of products and of the 
responsibilities of the individual. D. Cooke. 

London, W.1. 

















VISIT TO THE WESTLAND WORKS OF 
MESSRS. PETTERS, LTD., YEOVIL. 


On Wednesday, February 2oth, a party of members of the Institu- 
tion of Production Engineers paid a visit to the works of Messrs. 
Petters, Ltd., at Yeovil, Somerset. The party, which included Mr. 
Walter L. Fisher, Vice-President, and the following Members of 
Council, Messrs. A. Butler, G. Hey, W. F. Dormer, and A. T. 
Davey, travelled by special saloon from Waterloo. 

On arrival at the Petter works the visitors were received by Mr. 
P. W. Petter, managing director, Mr. R. T. Norton, director, 
Mr. F. T. Hardyman, foundry manager, and Mr. E. P. Wrinch, 
works manager. 

In the first place, the party was shown over the particularly 
modern and extensive pattern shops and foundry. For, in addition 
to-producing the large variety of castings required for the manu- 
facture of the firm’s well-known oil engines, the Westland Foundry 
makes high-grade castings on repetition lines for outside firms. 
In this connection they have gained an enviable reputation for the 
production of both water- and air-cooled cylinder castings for the 
motor car and motor cycle industries. 

Among the chief points of interest noted in the foundry the 
orderly appearance may be mentioned, and also the wide applica- 
tion of moulding machines operated with a very high percentage 
of semi-skilled labour. 

Leaving the foundry, the party was entertained to lunch in the 
works canteen, at which Mr. P. W. Petter presided, being sup- 
ported by Messrs. R. T. Norton and W. L. Fisher. 

After lunch Mr. P. W. Petter expressed a cordial welcome to the 
visitors; he then made some interesting remarks relating to the 
engineering industry generally. He said that during the war period 
the main objective was to produce the largest attainable outputs 
entirely regardless of cost. This state of affairs resulted in an 
industrial crisis when peace again obtained, from the effects of 
which we were only now gradually recovering. Undoubtedly one of 
the chief problems before the country to-day was that of cheap 
production, and in this respect the activities of the Institution of 
Production Engineers was of vital benefit. 

The war years and the succeeding short-lived ‘“‘boom " had left 
deep effects on workpeople generally; it was necessary to provide 
greater incentives to increased production, and the men were in 
fear of working themselves out of a job. 

Continuing, Mr. - Petter said that much good must inevitably 
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result from an interchange of ideas among production men 
generally. 

Much of the present unemployment and stagnation of trade 
generally was due to the closing of the European markets, for 
previous to the war a very considerable percentage of our engineer- 
ing products were exported to the Continent. In the particular 
case of Messrs. Petters, Ltd., over 50 per cent. of their pre-war 
output was sent to European countries. The fall of the franc had 
made trading with France almost an impossibility, and the key to 
the prosperity of our industries generally largely lay in the pro- 
duction of a practical scheme whereby trading relations with the 

Continent could be established upon a sound basis. 




















The I.P.E. party in the assembly section. 


Remarking upon the firm’s works generally, Mr. Petter said 
he realised that they were not perfect, but he thought that they 
represented an ideal organisation in the making, which they were 
continually endeavouring to improve. : 

Finally, Mr. Petter emphasised the necessity for close co-opera- 
tion between the design and production departments, which, he said, 
was an absolute essential if economical production was to obtain. 

Mr. Walter L.. Fisher, on behalf of the Institution, proposed a 
hearty vote of thanks to the directors of Messrs. Petters for their 
kindness in inviting them to Yeovil and for the hospitality accorded 
them, this being carried with acclamation. 

Mr. R. T. Norton, director of Messrs. Petters, Ltd., spoke with 
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reference to the importance of the distribution of goods, which he 
considered as allied to production. Further, he emphasised the 
enormous value of engineers to the community in general, for 
without them none of our modern achievements would have been 
possible. Mr. Norton said that he was hopeful as to the future of 
industry. He hoped that before many years had passed the futility 
of strikes and lock-outs would be realised both by masters and 
men. 

More attention should be paid to the ‘‘Government of Industry,”’ 
and he thought it constituted a blot on our industrial copybook 
that no scheme had yet been evolved to alleviate differences between 
emplovers and employees without recourse to militant means. 

In this respect he (Mr. Norton) regarded the members of the 
Institution of Production Engineers as missionaries, and felt sure 
that their efforts would assist in the desired direction. 

After lunch the party continued their inspection of the works, 
and were particularly interested in the simple, yet efficient, system 
of work-planning employed and in the track system of assembly 
adopted for the smaller types of oil engines manufactured by the 
firm. 

In the machine shop it was noticed that numerous special 
machine tools are employed, whilst practically every operation is 
fully jigged. Of special interest was the method used _ for 
finishing the cylinder bores. The previous procedure of grinding 
has been eliminated in favour of ‘‘rolling,’’ by which means it is 
believed that, in addition to decreased production times, a closer 
grain of metal is obtained in the bore, resulting in less wear in use. 

Much interest was shown by the members of the party in con- 
nection with the method employed for the quick starting of Petter 
oil engines, especially when cold. For this purpose what may be 
termed a ‘squib ’’ is inserted in a tubular metal holder, which, 
after the squib is ignited, is in turn screwed into the cylinder 
head. The gases formed by the combustion of the “squib”? make 
a readily explosive mixture, and a few turns of the flywheel serve 
to set the engine in motion. 

After tea in the canteen the party returned to London by train, 
having spent a pleasant, interesting, and profitable day. 











THE 
INSTITUTION OF PRODUCTION ENGINEERS. 


A GENERAL Meeting of the Institution was held in the Lecture 
Room and Demonstration Hall of Messrs. The British Thomson- 
Houston Co., at 15, Savoy Street, Strand, on Wednesday, March 
19th, at 7.30 p.m., Mr. A. Butler being in the chair. 

The Minutes of the previous meeting were read and approved. 

Mr. W. E. Bush, of the B.T.-H. Co., then lectured on ‘‘ The 
Relation of Illumination to Production,’’ a very interesting range 
of demonstrating apparatus being used for recording the various 
systems of illumination. 
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THE RELATION OF ILLUMINATION TO 
PRODUCTION. 


A LECTURE PRESENTED BY Mr. W. E. BusH, MANAGER OF THE LIGHTING 
SERVICE DEPARTMENT OF THE BRITISH THOMSON-HousTON Co., Lrp. 


THE subject of lighting is usually considered commonplace, and 
not worthy of the time expended on discussing it, yet lighting 
engineers, who are constantly investigating this subject of 
illumination, have discovered that it is one of the most important 
factors governing production in industry. As we have made such 
a number of most valuable discoveries, we feel that it is almost 
our duty to acquaint the leaders of industry with the results of 
these investigations. 

Throughout the ages light has been considered merely as a utility, 
a convenience or a luxury. What are the standards by which we 
judge light and illumination? The usual method is to differentiate 
between a good light and a bad light. There is no doubt that 
the first tallow candle caused quite a sensation when it was intro- 
duced, and we, or some of us, at any rate, can remember the 
sensation the first gas jet caused. We read in books of the crowds 
that turned out to see the first installation of street-lighting with 
gas, and these lamps were described as brilliant. But we, in our 
time, would hardly consider the illumination given by a gas jet 
as being a good light. Our standards of judging lighting are con- 
stantly changing. What we considered to be good fifty vears ago 
is considered bad now. In time to come, probably in another ten 
years, we shall look back upon this present era as a sort of dark 
age. Of course, by that time, standards of illumination will have 
improved, and we shall then wonder how industry carried on with 
the poor light to which we are at present accustomed. 

As far as electric lighting is concerned, very rapid progress has 
been made, particularly during the last fourteen or fifteen years. In 
fact, in this comparatively short time we have made more progress 
in lighting than was made in the preceding 2,000 years, and the 
rate of progress is accentuated each year. This fact is not very 
often appreciated by the general public, because the subject cf 
lighting has not got a popular appeal. It is safe to say that pro- 
gress in lighting has been almost as sensational, and as revolution- 
ary, as the progress in wireless. You do not hear very much about 
it because wireless is a hobby, and lighting is not. For example, 
during the last fourteen years the electric lamp has improved by 
about 600 per cent. The problem confronting our industry to-day— 
that is, the electrical industry—is the distribution of the knowledge 
gained by illumination or lighting engineers. 
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‘The subject which we are about to consider in this paper is elec- 
trical illumination. There are very few people who have a proper 
conception of what is meant by illumination. For example, one 
often hears the term ‘*‘ my quarter’s light bill,’* when it is really 
the current bill, and not the light bill, which is being considered. 
Current is not light; the shades, conduits, switches, and all other 
accessories are not light. The light which is being paid for, whether 
it is in a factory, shop, office, or in a home, is the light which is 
delivered at the surface where you want to use it. Jn the factory, 
what you really purchase is the illumination on your work-bench or 
on your machine. Most executives usually scrutinise very carefully 
what they call their quarter’s light bill—that is, the current bill. 
Current is only a means to an end. All the accessories, the shades, 
etc., are only the raw material from which the finished product— 
illumination—is made. 

Again, there is a decided tendency to take electric light for 
granted. It is such an ordinary commonplace thing that it receives 
very little attention. It is a sort of odd man’s job or duty. When 
the odd man is not cleaning windows he can put in a new globe 
or tie up a piece of flex to connect it with the circuit, and it gives 
light. 

Electric light, it is argued, is so obviously the best kind of light 
that it needs no recommendation, and admits of no improvement. 
That is the general opinion. To many factory executives and 
managers, electric lighting and good lighting are synonymous terms. 
This so-called light bill is usually an item of expenditure which 
receives the greatest amount of scrutiny of all the expenses of the 
factory; and, when trade is bad, lighting is one of the first things 
that is cut down. 

Compared with the best modern practice in lighting, the illumina- 
tion of our factories is of a very low order. Although there has 
been a rapid development in electric lamps and electric lighting 
equipment, there has been very little progress made in the appli- 
cation of these units during the past fifteen years. A few experi- 
ments will make my meaning clear. First of all, let us see the 
effect of an installation of the kind which we find in perhaps 7o or 
80 per cent. of our industrial interiors. (Here a number of pendants 
with shallow tin shades and assorted lamps were switched on.) 
No doubt, some of you will recognise this kind of lighting in your 
own factories. Here you have the equipment which came into 
use when the first electric lamp with a carbon filament was in- 
vented. The amount of illumination given by those lamps was so 
small that it was found necessary to put one of these pendants in 
close proximity to the work. 

During the last fifteen years, as has already been remarked, the 
efficiency of electric lamps has increased by about 600 per cent. in 
five distinct changes. The carbon filament lamp was superseded by 
a metallised carbon lamp, then the tantalum lamp, then by a squirted 
tungsten lamp, then a drawn wire lamp, and the latest, a gas-filled 
lamp, sometimes called a 3-watt lamp. All that happened during 
these various stages of development in the lamp was that the 
new lamp was put into the old shade, until we arrive at the stage 
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where we see thousands of these modern lamps in the old equip- 
ment, just like that (pointing to the far end of the room, where 
a 100-watt gas-filled lamp was fitted into a shallow shade). Now, 
it is quite commonplace to see a lunch-bag tied on to a fitting like 
that at the end of the room, so that the light does not get into 
the eyes of the worker. When working near these brilliant lamps 
you need something more than a lunch-bag to prevent the glare 
affecting the eyes of the worker. 

As a matter of fact, we have reached that stage in the develop- 
ment of electric lamps where, even if we knew how to make a 
more efficient one, it would be a very doubtful advantage if we put 
it on the market. There is so much glare from these lamps, when 
badly used, that the eye cannot take advantage of the extra light 
that they give. For example, supposing this was the work, and 
the operator found that he had not sufficient light, he would then 
replace that lamp with one twice its size. True, more light would 
result, but the workman would be more blinded, so that he would 
be unable to take advantage of the extra light which it gave. This 
little experiment will make that seem clear. You can see fairly 
well what is the writing on this card. When a brilliant lamp is 
switched on, you now find it difficult to read the lettering which 
is written round the centre. Now, that sort of thing is happening 
every time a man tries to look at something in the immediate 
vicinity of a brilliant, naked light source. This is a result of 
buying light on what one may term the accessory basis or the 
point basis. 

You know that when you ask for a tender for electric lighting, 
it is quite common to receive a price at so much per point, per 
point meaning the little bit of wire—pigtail of wire—sticking out 
of a piece of tube from the ceiling. What an extraordinary way 
to quote for lighting! It is only the very raw material when it is 
in that state. Nobody would ever think of buying any other com- 
modity on that basis. If you want to buy a suite of furniture, 
you wouldn’t be satisfied with a man who quoted so much per 
foot of mahogany, rough sawn; you would want to see the finished 
suite of furniture. With lighting it is always that way, so much 
per point, so much per ceiling rose, so much per yard of flexible, 
and so on. 

The next experiment will indicate the misuse of large gas-filled 
lamps. We will now put up in the middle of the room one large 
lamp. Let us assume that we have here a factory engineer who 
has not studied illumination to any very great extent, and he has 
been instructed to scrap these very unsightly pendants and light 
the factory with high-power modern lamps. He makes a rough 
guess at the power required—about 1,000 watts—and puts one up. 
Well, to the casual observer coming into the room, if he were 
asked, ‘‘ What do you think of the lighting? ”’ the first thing that 
he would probably do would be to look up at the light, and, because 
of the brilliant light source, would judge the room well lighted. 
Most people do that. What they ought to do is to look down at 
the tables. Of course, this is all wrong. First of all, we still have 
the glare which closes the pupils of the eyes so that we cannot 
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see properly. Secondly, most of the lighting is going up to the 
ceiling where it is least wanted. And then, again, if this were a 
workshop where work was being carried out at separate tables, 
say, assembling sparking plugs or carburetters, each table would 
require about the same amount of light, if we were all doing the 
same kind of work. Now, you can see at a glance that under 
the lamp there is plenty of light and over in the far corner there 
is very little at all. This is obviously a very unsatisfactory way of 
lighting a room. 

If lighting is going to be installed efficiently and sold on a proper 
basis, it is, of course, obvious that some simple form of measure- 

















Fig. 1.—The foot candle meter. 


ment must be adopted. Now, in a factory, under the Factories’ 
Acts, vou have got to have it efficiently heated, and it may be pre- 
sumed that one tests the efficiency of the heating system by 
measuring it with a thermometer. Nobody guesses, and says, 
‘‘ Well, it seems pretty warm to-day,”’ or ‘‘ It is too cold.’? They 
just go to the thermometer which registers the heat. There is 
no reason why light should not be measured in the same way. 


The Foot Candle Meter. 


One of the latest instruments is a simple thing just like a Kodak 
(fig. 1), which has been developed for measuring the illumination 
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on the work-bench, machine, etc. This instrument consists of a 
little meter, a switch, and a scale. Inside there is a dry battery and 
a lamp in the box. Now, when the switch is turned on and the 
lamp inside the box is illuminated, you see some bright spots 
appear. The lamp inside the box lights up the back of the spots, 
and the light from the lamp in the room throws the illumination 
on to the outside of the white card of the scale. Where one finds 
a balance, or, in other words, where the brilliancy of the white 
spot is about the same brilliancy as that of the white card, we 
obtain a direct reading of illumination. 

Regarding the operation of the meter, one turns the switch until 
the needle is opposite an arrow. That ensures that there is the 
correct strength of current on the lamp inside the box. Now, the 
spots vary from dark to light. There is obviously a place where 
the brightness of the spot is the same as the brightness of the 
card. In this particular case it is 5 that gives us our intensity 
of illumination. Illumination is measured in foot candles. 

In order that we can test the efficiency of our lighting system, 
it would be interesting if each table would record the reading from 
the instruments provided. (The tables were numbered, and the 
readings and the records obtained were as follows :— 


CHART OF READINGS OF INTENSITIES. 

















| | 
| Fifteen | Fifteen 
One Six Eight 200-watt | 200-watt | 
Table. 1,000-watt | 200-watt | 200-watt | Dispersive | Dispersive | 
Lamp Lamps | Deep-Bowl) Reflectors.| Reflectors. 
(Bare). (Bare). | Reflectors.| 90% | 100% | 
| Voltage. | Voltage. | 
I 2 5 13 | 6 8 
2 6 43 5 63 8 
3 34 34 - 1-9 8 
4 1} 54 12 | 7 9 
5 I 4 -- 4 7 10 
6 7 44 5 | 8 10 | 
7 10 44 4 | ’ 9 
8 2 4 34 7 9 | 
9 5 II | 8 10 
10 33 33 5st | 6 10 
II 33 34 4 ‘4 9 
12 II 44 84 | 6 8 
Totals . 522 | 52 | 814 | 824 | 108 
Approx. 
Average 4°38 4°3 6-6 | 6:8 | 9 

















We can see, having recorded the various readings on the board, 
the different intensities of illumination on the various tables. We 
can also see what unsatisfactory illumination this is, because on 
Table 5, for example, they have only 1, whereas on Table 10 they 
have 10, a diversity of 10 to 1. This is obviously a very unsatisfac- 
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tory way of lighting the workshop, because there should be the 
same amount of light on each work-bench. It would obviously be 
better to install a larger number of smaller lamps to even up 
the light. (Here the lights are altered, and a second reading taken.) 
Now we can see at a glance that the illumination is more even. It 
is still very unsatisfactory because of the glare and the waste of 
light on the ceiling and walls. If we take a few more readings 
we shall be able to check up and compare it with the last installation. 

You can see how much better this system is than the last one, 
because we now have a maximum of 53} and a minimum of 3}. 
The lighting is very much more even than it was before. As has 
been pointed out, however, the system is still extravagant and 
glaring. We could obviously improve the efficiency if we used 
reflectors. The choice of reflectors is a very important matter. 
Frequently reflectors are purchased because they are labelled 
* scientific,’? but even scientific reflectors want careful selection. 
Let us imagine that a salesman has succeeded in selling to the 
management of this particular workshop some scientific reflectors. 
We will put them on and see what is the difference in the efficiency 
of the installation. Let us take another set of readings and make 
a comparison with the last. (Here the third reading was taken.) 
We can see that our average illumination for the whole room has 
gone up from 4-3 to 66, an increase of about 50 per cent., which 
certainly justifies the expenditure on the scientific reflectors. But 
if we analyse the various readings we find that we have the same 
disadvantages which were found with the first system. We have 
now a maximum of 12 and a minimum of 33—a big diversity! 
Now the reason for this is due to the fact that the scientific reflectors 
have not been properly installed. They are too focussing in their 
distribution, and they do not spread the light sufficiently. These 
reflectors should either have been put closer together or higher up 
in order to spread the light. We have deliberately installed them 
incorrectly in order to point out the importance of the correct 
installation of reflectors. At this point should be mentioned the 
question of industrial lighting and accidents. From figures pub- 
lished by the Home Office it is found that the accident rate is 
higher during the winter than during the summer, and also that 
the accident rate is higher during the hours when artificial light is 
used as compared with daylight. In other words, there are 29 per 
cent. more accidents with artificial light than in daylight, and of 
the total accidents in factories 71 per cent. is due to workers falling. 


Shadows. 


Shadows are one of the biggest bugbears encountered when faulty 
lighting is installed. You see these very hard shadows on the floor, 
thrown by the tables. When you have a hard shadow it is difficult 
to distinguish between the hard shadow and the solid object, par- 
ticularly in a crowded workshop. The workers are walking about, 
see something black and find it is a shadow, and go walking on. 
The next time it happens to be a casting, and over they go. This 
accounts for the very high percentage of accidents after dark. Now 
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some shadow is desirable. Perfectly shadowless lighting in an 
industry is not good. (Experiment with three pieces of wood, fig. 2.) 
In this box are three pieces of wood, apparently all of the same 
shape. These pieces of wood are evenly lighted top and bottom; 
in other words, with quite shadowless well-diffused lighting. Im- 
mediately a little shadow is introduced you can see quickly and 
clearly what is the true shape of these pieces of wood. Imagine 
how important that would be in a machine shop, where the cutting 
of screw threads, for instance, takes place. If you had shadowless 
lighting you would not be able to see clearly the shape of the screw 
thread. 


Illumination and Vision. 

There is a very close relation between illumination and vision. 
Scientific investigations have been made to ascertain the effect of 
light on vision. In the chart (fig. 3) is shown what is called ‘the 





Figs. 2 and 2a.—Illustrations showing. the importance of shadows. 


speed of discrimination ’’—that is, the rapidity with which -the eye 
is able to identify a difference in objects. Here is plotted the 
speed of reading per cent., that can be speed of assembly or speed 
of doing any work, and along here is the intensity of illumination. 
You can see how very rapidly this curve rises as the amount of 
light increases, and even at this point, 25 foot candles, you will 
notice that the curve is still rising rapidly. In fig. 4 is shown 
another test on sustained vision—that is, the ability to keep a clear 
view of all the details of an object under continuous observation. 
If you are looking at something very small—very small print, for 
example—with a dim light, in time the print gets blurred; until 
you get a better light you cannot read. As the intensity increases, 
so the ability to see rapidly increases. It is interesting to note that 
the astigmatic eye or the faulty eye gains in a larger degree than 
the normal éye, and it was found on a test of 10,000 workers that 
53 per cent. had faulty vision, so that 53 per cent. will gain in 
accordance with the law of the upper curve. Scientific charts are 
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not always convincing, so we have endeavoured to portray these 


effects visually. 


Here is a gramophone motor on which will be fixed a printed 
cylinder, and the amount of illumination which falls on it will be 
varied. Now just watch closely the speed of the cylinder under 


the different intensities of light. 


It appears to be going slowly, 


and then it appears to speed up again. (Here lights are focussed 
on to the cylinder.) This is conforming to the law of the first 


SUSTAINED VISION. 


Hizher levels of illumination increase 


sustained vision. 


Sustained vision is the ability to keep a 
clear view of all the details of an object 
under continuous observation. 


—=—- & 
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Gain in ratio time clear to time blurred per cent 


0 2 4 6 8 0 
Illumination, foot candles 


In this test the observer was required to 
look at a test object continuously for 
three minutes, for each level of illumina- 
tion. The proportion of time during 
which the object appeared clear to that 
during which it appeared blurred, was 
used as the measure of sustained vision. 





SPEED OF DISCRIMINATION. 
Higher levels of illumination result in 
greater speed of discrimination. 
Speed of discrimination is the rapidity 
with which the eye is able to identify 
a difference or differences in objects. 


Speed of reading ,per cent 


0 4 8 f 20 2 
Intensity of illumInation, foot candles 


astigmatic eyes than for normal eyes. 
High brightness contrast—black on white 


—was used in this test. 








In most industrial processes, brightness 
contrasts encountered are low; to ap- 
proximate this condition, black letters 





The gain in sustained vision with in- were printed on fogged paper having a 
creased illumination is greater for reflection factor of 22°5 per cent. 


Figs. 3 and 4. 


diagram (fig. 3)—speed of discrimination. Actually, of course, it is 
going at the same speed all the time. If this were a job in a 
workshop, it is quite obvious that under the high intensity of 
illumination the worker could see his work more clearly. The 
reason for the apparent change in speed is that under the higher 
intensity you can see quicker. Now, if a workman can see more 
quickly, the tendency is that he will work quicker, and, of course, 
increase his output. 


The Effect of Light on Output. 


The next thing we will consider is the result of some investiga- 
tions which have been made in different industries to determine 
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what is the effect of light on output or the relation of illumination 
to production. The chart (fig. 5) shows tests which were made in 
various industries. The first column gives the amount of light 
which was used or which was available under a system of lighting 
similar to the first one which was shown you employing obsolete 
pendants. The second column gives the amount of light which was 
available when this system was superseded by a modern one. The 
third column shows the increase in production which resulted from 
the change of lighting, and the last column the cost in terms of 
percentage of the pay roll. If we take one example and follow it 
through, say carburetter assembly, they had an intensity of about 
2:1, which is, as you know, a rather low reading. This was super- 


RESULTS OF NINE TESTS WHICH ESTABLISH THE MONETARY VALUE 
oF Goop LIGHTING. 
































Average | Average | Increase in| Additional 
Foot- Foot- | Production! Lighting 
Candles Candles | with New | Cost in % 
Shop. with Old | with New | System. [of Pay roll. 
| System. System. 
Per cent. | Per cent. 
(a) Pulley Finishing .... 0-2 4°8 35°0 5-0 
(4) Soft Metal Bearing . 4°6 12°7 15°0 I-2 
(c) Heavy Steel Machine 30 II-5 10°0 1:2 
(d) Carburetter Assembly 2°1 12°: 12-0 0-9 
(e) Jute Spinning...... 1°5 9:0 17°0 No data | 
(f) Plant Mfg. Elec., Gas o-7 13°5 12-2 2°5 | 
and Sad Irons ...| (4:0 at t ool point.) 
(g) Semi-automatic Buf-| 
fing Brass Shell 
er 3°8 II*4 8°5 1°8 
(h) Mfg. Piston Rings .. 1-2 18-0 25°8 2:0 
(i) Letter Separating .. 3°6 8-0 4°4 0-6 | 
Average | 23 | 11-2 | 15°5 | I°9 
Fig. 5. 


seded by an installation which gave 12-3, about six times the amount 
of light. It was found that this resulted in an increase of 12 per 
cent. in production, and only at an extra cost of og per cent, on the 
pay roll. Now, production engineers know that if you get an 
increase in production with only 1 per cent. increase on the pay roll, 
that is something well worth while considering. 

While following on the same theme there is another interesting 
test that has just come to the author’s notice, which shows the 
relation of illumination to production in a different manner. The 
chart shown in fig. 6 represents tests taken in the inspection depart- 
ment of a roller-bearing factory, and in this case the illumination 
was raised and lowered, half way, right down again, up and down 
in different steps and different stages, and the output of the inspec- 
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tion department was measured at each different stage. It is 
interesting to note that the production curve conforms in shape to 
the light curve, not, of course, in the same order of magnitude, 
but generally the trend of the output curve is the same as the trend 
of the light curve. Thus you see that when the illumination was 
stepped up from this point, which is about 5 to 20, it stimulated 
the output. When the light was lowered the output curve came 
down, and so on. The average throughout this period of tests, 
which were conducted during ten weeks, was 12-5 per cent. increase 
in production when the illumination was raised from 5 to 20o—that 
is, four times the amount of light—and this cost only an extra 
2-4 per cent. on the pay roll. 

In view of all these facts, it will be appreciated that when we 
say that light is not used in sufficient quantities, that statement 
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Fig. 6. 


is based on a scientific and practical foundation. What, then, is 
considered to be good lighting? First of all, let us consider a type 
of reflector (fig. 7) which has been standardised by most of the 
leading experts and manufacturers of lighting equipment, which 
is called the Standard Dispersive Reflector, or sometimes the R.L.M. 
Standard Dome Keflector. This pan-shaped reflector is suitable for 
about 80 per cent. of industrial interiors, and is the most efficient 
of its kind. It is more efficient than the dome-shaped reflector 
which was previously demonstrated, because with this there is only 
one reflection before the light comes out. With the deep bowl there 
are several cross reflections, thereby increasing absorption. These 
reflectors should always be used with bowl-enamelled lamps, and 
not frosted lamps. <A new process, called bowl-enamelling—that 
is, a coating of enamel sprayed on the bulb—helps to obscure and 
diffuse the illumination. This reduces the glare considerably. Now 
we will take this little workshop of ours and light it up to the 
standard which our lighting engineers would recommend for a 
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factory carrying on fairly close work. (Here the lights of the hall 
were changed.) This is what we consider to be a model installa- 
tion for the illumination of a factory. Let us take a few readings, 
and we shall discover any improvement which has been made on 
the last installation. (Here the fourth reading is being registered.) 
You will see that the light is fairly even. Allowing for slight 
differences in reading the instruments, it is pretty good. As a 
matter of fact, a test taken by one observer on all the different 

















Fig. 7.—Dispersive Mazdalux reflector. 


tables indicates that the light is even all over the room. You can 
see that this is a great improvement on the other systems. 

As this installation is arranged at present, we are under-running 
the lamp by 10 per cent. We find that this is often done because 
consumers have discovered that if they under-run the lamps they 
last longer. Of course, the man who does that is considering the 
cost of purchasing his light merely in the terms of purchasing lamps. 
They purchase a r110-volt lamp and put it on a 1o00-volt circuit to 
make the lamp last longer. Now, that is a most uneconomical thing 
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to do, because if you under-run a lamp by to per cent. you lose 
30 per cent. of its light. The cost of current consumed by a lamp 
is 9 or 10 times the cost of the lamp itself. So, if you are going 
to lose 30 per cent. of the light, it is obviously penny-wise and pound- 
foolish to make a lamp last longer. Now, let us change over and 
put the proper lamp on the proper circuit, or, in other words, put 
100-volt lamps on a too-volt circuit; and, if you would be good 
enough to take a few more readings, you would find what is 
the difference in the illumination. (Here lights were changed, and 
the fifth reading recorded.) 

Having arrived at this stage, the illumination has been built up 
by easy stages, and it will be rather interesting now to switch back 
to where we started. (Lights are changed.) Now, we can see how 
gloomy and depressing is this installation. We have been told 
that this is good lighting as compared with the lighting which 
one found in some factories. We had the Home Office Inspectors 
here a little while ago, and they expressed a wish that they could 
get all the factories up to this standard. But, by comparing this 
with the other, we can see how inefficient it is. Just consider for a 
moment the effect on the worker when this sort of light is used. 
He starts off in the morning for the factory fairly fresh, and as 
the day wears on he gets tired. About four o’clock in the afternoon 
the electrician comes along and switches him into this gloomy and 
depressing atmosphere. Now, the tendency is to make him more 
tired and sleepy than ever, because this is such a comfortable kind 
of light. Probably some of you have experienced the kick that 
comes along when this sort of light is taken away, and, of course, 
a man does kick when his comforts are interfered with. This is 
the sort of light that you have round a camp-fire; it creates a nice 
sleepy armchair feeling, and the worker feels as if he is ready to 
go to bed. It makes him want to sit in an armchair and read 
the paper. If at lighting-up time, however, the workshop is 
flooded with a well-diffused high-intensity illumination such as this 
is—(lights were changed back to recommended system)—now you 
can realise the psychological effect this light must have on the 
worker. He can see better, it is stimulating, and supervision is 
improved. This goes to bear out the contention that there is an 
increase in production when this lighting system supersedes the 
antiquated one. 

Well, since the demand is for more light, it is quite obvious that, 
as the intensity of illumination is raised, so equipment must be 
designed which will obviate excessive glare. That is the problem 
our industry is tackling at the moment, and we are designing fittings 
which will give high intensity of illumination on the work-benches 
with a low brightness of the light source. 

We will now inspect one of the latest inventions for accomplishing 
that purpose (fig. 8). This is a new diffuser which has a large opal 
globe. It reduces the brilliancy of the light source, but still gives 
a fairly high intensity of illumination in the workshop. In this 
particular unit there are holes in the top of the reflector in order 
to allow sufficient light to escape and light up the upper part of 
the shop, belting, shafting, etc. The globe is dustproof to help 
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easy maintenance. It is possible with units of this description to 
use quite brilliant lamps without undue glare. Now, the inten- 
sities of illumination which we have been measuring have been up 
to 10 only. This is very low as compared with daylight. The 
intensity in the sun is somewhere about 5,000 to 6,000 foot candles. 
Even the intensity in the shade on a sunny day runs up to 1,000 
to 2,000 foot candles. Intensity in a well-lighted office, with plenty 
of windows and a skylight, is often in the region of 100. In quite 
an old factory that has some kind of skylight, it is usual to get a 
reading of 20 or 30; and here, in that last system that we had 
on—(lights switched back to it)—we have only 9 or 10. So you 
see how low the intensity of artificial light is as compared with 
daylight. 

The time will come when electricity is cheaper, and when industry 
and production engineers will have learned the value of good illu- 

















Fig. 8.—The glassteel diffuser. 


mination; then illumination values will be built up until they 
approximate daylight values. (More lights switched on.) A good 
many people think that it is impossible to get these high intensities 
without excessive glare; but it is possible to build up to intensities 
approximating daylight if you have the correct sort of equipment. 
(More lights switched on.) This is coming on rather suddenly at 
the moment, but I do not think you are experiencing any undue 
discomfort. If-you were to measure it now, you would find it 
somewhere in the region of 40, maybe 50. (Here a great blaze 
of lamps lights up the hall.) 

There is a general impression that daylight costs nothing, but 
daylight costs quite a good deal of money, if you could but analyse 
it. Think of the interest on the investment in building some of 
these saw-tooth roofs, of the space that is often wasted in light 
wells that might be fully employed in the workshop! It would 
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be often cheaper to install a system of good quality high-intensity 
artificial light and utilise all the space instead of having light wells 
for daylight. And in some factories which have bad daylight it 
would be economical to use artificial light throughout the day, 
because production would be stimulated during the whole period. 
We will now demonstrate to you these daylight lamps. (Here 
some daylight lamps were switched on.) These are special lamps 
which have been developed to give approximate daylight quality to 
artificial electric light, and are useful for many industrial pro- 
cesses where colour work is carried on. Although not sufficiently 
true for close and accurate colour matching, they can be used to 
advantage for general lighting in such industries as tapestry manu- 








Fig. 9.—Obsolete lighting in a weaving shed. 


facturing, coloured pottery manufacturing, etc. For use in dye 
houses, colour printing works, etc., true colour matching units are 
available; but, due to their low efficiency, they can only be used 
as local light sources. Daylight lamps are particularly useful where 
it is desired to amplify daylight in a dark corner of a factory, due to 
the fact that the quality of the illumination given by these lamps 
mixes better with daylight than does the light given by ordinary 
lamps. 

Next we will inspect a few examples on the screen of illumination 
in industrial interiors. Fig. 9 shows a view taken in a textile factory 
which was illuminated with some of those drop pendants. You 
can see how patchy is the lighting—here dark and here light, and 
around the sides very little light at all. The gangways are very 
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dark and overhead quite black, and consequently dangerous to carry 
on any repairs. Well, this firm was rather progressive, and one day 
they had their daylight measured up. They found it was about 
20, and they decided to experiment to see what the effect would be 
on the workers when the artificial illumination was raised to some- 
thing approximating the daylight level. 

The next illustration, fig. 10, is of the same factory when the new 
system was installed, a system similar to that which I have just 
shown you. You can see there is plenty of light all over the room 
and on the work, at the top, back, and even underneath the machine. 
At the upper part of the shop there is also plenty of light. After 
trying this for a period of eighteen months, they decided to install 





Fig. 10.—Modern lighting in a textile factory. 


the high intensity lighting in a new shed they had built. (Here 
several other illustrations were produced, showing cotton mills, 
machine shops, bench shops, and other industrial interiors with 
antiquated systems of lighting and modern systems. Figs. 11, 12, 13, 
and 14.) From all this it is conclusive that it is well worth while to 
install these modern systems of illumination as an aid to production. 
In a booklet published by the B.T.H. Co. is contained a range of 
designs to suit any number of industries, and if you want any further 
advice, you can always get assistance from experts who are retained 
by all the leading lighting-equipment and lamp manufacturers. 
Efficiency in output is the primary aim of every manufacturer. 
The broad practical question always confronting him is: ‘‘ Upon 
which factors does efficient production depend, and how can these 
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Fig. 12.—The shed shown in Fig. 11 equipped with high intensity 
illumination. 
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Fig. 14.—Efficient illumination of a machine shop. 
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factors be secured? ’’ The main factors controlling quantity of pro- 
duction are :— 


(1) The extent of the facilities available in the way of build- 
ings, machinery, and other equipment, and the number of 
employees ; that is to say, the size of the plant. 

(2) The joint efficiency of the entire organisation, including 
that of the employees and of the various processes carried out 
by human labour or by mechanical means. 


Thus, the output of a plant can be improved by increasing its 
effective size, or by increasing its internal efficiency. The most 
economical method, however, is that which secures the increase of 
output at a minimum increase of running costs. This means that 
any improvement in the efficiency of the employees, or of any other 
essential element of the plant, is much more remunerative than a 
plant extension. The increased output thus obtained is secured at 
the lowest unit cost. The improvement of artificial lighting is one 
of these alternatives. It increases the efficiency of the operatives and 
of the plant as a whole. It stimulates production, yielding results 
of a value far in excess of its modest cost. 

Leaders of industry are constantly reminding us of the need for 
increased production as a means of solving the many difficulties with 
which our country is at present faced. The improvement in the 
lighting arrangements of our factories unquestionably helps in achiev- 
ing the object in view. From the humanitarian point of view alone 
better lighting should make a great appeal, but, in addition to 
improving hygienic conditions for the workers, better lighting will 
pay dividends. This is a matter worthy of the serious consideration 
of production engineers, and I suggest that a joint committee, con- 
sisting of members of your Institution and members of the lighting 
industry, be formed for the purpose of investigating and supplying 
information for the use and help of our vast industries throughout 
the country. 
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THE DISCUSSION. 


Mr. Dormer, in opening the discussion, said that as far as he 
was concerned the lecture had been most interesting and instructive. 
He was afraid, however, that he was not competent enough to cross- 
examine the lecturer, although there was no doubt that the subject 
was one of interest to all members of the Institution. He asked 
the lecturer if he would explain the difference in consumption between 
one 1,000-watt lamp and six 200-watt lamps. Mr. Dormer con- 
cluded his remarks by stating that he would go very seriously into 
the question of lighting his own workshops. 

Replying to Mr. Dormer’s remarks, Mr. Busn said that the 
difference in the consumption between one 1,000-watt lamp and 
six 200-watt lamps is 200 watts. Mr. Bush explained that the larger 
the lamp the more efficient it was in light output, or, in other 
words, the light output of six 200-watt lamps, although consuming 
more current, was about the same as the light output of a single 
1,000-watt lamp. 

Mr. KENWORTHY said he was interested in the name of the 
instrument with which they had been making and recording these 
tests, and also its cost. He was sure there were a good many members 
who would put them to good use in the various businesses they were 
interested in. He was afraid the light intensities of their factories 
would be rather a shock to them when they took the readings 
with such an instrument. It was certainly a new instrument to 
him, and he thought that he could make considerable use of it. 
One thing that struck him was the point which Mr. Dormer raised 
the comparison of a 1,000-watt lamp with six 200-watt lamps. In 
point of view of comparison, it seemed hardly fair to take tests 
No. 4 and 5, and compare them with the first three tests. Also, in 
making reference to the amount of current used, because in tests 4 
and 5 there are 15 lamps in use, against 6 in tests 2 and 3. The 
lecturer said that if one expects to get more efficient illumination, 
there is bound to be higher cost. It would be highly interesting to 
know what that higher cost amounts to exactly. Of course, the 
results obtained are bound to be in a greater proportion to the cost, 
and he was interested to know the actual difference in the cost. One 
of the slides shown on the screen was with reference to the 12 per 
cent. increase in production to 1 per cent. increase in the cost of 
illumination. 

Mr. Busi, in reply to Mr. Kenworthy, said that the instrument 
was called the Foot-Candle Meter. It cost six guineas, which repre- 
sents the actual cost. He said that suppliers did not attempt to 
make any profit on the instrument as they did not consider it as 
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electrical merchandise, but as a good piece of propaganda. These 
instruments are available from the Commercial Department of the 
B.T.H. Co., at 77, Upper Thames Street, E.C.4. Regarding tests 
4 and 5, he said that he was not attempting to make a comparison 
of the efficiency with the other systems. He was deliberately step- 
ping up the illumination, and, of course, to do that he was also step- 
ping up the amount of current which was used. 

Mr. Storey asked Mr. Bush to tell him whether he did not find 
local lighting was better for the thinker, or the one who had no 
manual work to do, such as calculating or drawing. Was it not 
possible that this form of lighting kept attention more focussed 
upon the work than was the case with general lighting. Mr. Storey 
admitted that general lighting was better for mechanical work, but 
was in favour of local illumination for any work which entailed 
thinking. 

Mr. Busu, replying, said he thought that depended on the indi- 
vidual. It is very bad for the eyes to have a strong light focussed 
on a book if the remainder of the room is dark. Constant change 
from a bright surface to a dark surface is very tiring to the eyes. 
Personally, he would prefer to have brilliant illumination all over 
his office instead of a concentrated light on his work. 


Mr. Swan raised the question of the height of the ceiling as 
affecting shadows. He said that he had a large number of lights 
placed at a calculated height from the ceiling, and, although they 
were of the scientific type, using gas-filled lamps, they still pro- 
duced a great deal of glare. He also wished to know if there was 
any regular rule with regard to spacing. 


In reply, Mr. Busu said there is a very definite rule about spacing. 
Reflectors are carefully designed to give a definite light distribu- 
tion. Each size of lamp requires a special size of reflector. The 
standard dispersive reflector should be spaced 14 the distance apart 
of the height above the working plane—that is, if the units are 12ft. 
apart, they should be 8ft. above the work. Where the ceiling 
height is unlimited, it is possible to use large lamps widely spaced 
and fixed fairly high, but there are very few industrial interiors 
which permit of this arrangement. By conforming to the recom- 
mended spacing rule, even illumination will be obtained in the 
workshop. There are limitations to very wide spacing in some 
industries, since, if the spacing is too great, the shadows are 
accentuated. 

A visitor asked Mr. Bush whether the lighting system as demon- 
strated would affect colour work. Mr. Busn, in reply, said that 
standard gas-filled lamps did not show colours in their true values, 
but special daylight lamps and colour matching units were available 
which would give the desired result. 

Mr. A. ButLer asked whether the lecturer could give some idea 
of the cost of installing a lighting system of the kind which he 
had demonstrated. Were any figures available worked out in terms 
of cost per square foot? It seems possible that, if definite spacing 
rules have been set, costs would be practically standardised. He 
would also like to have Mr. Bush’s comments on indirect lighting 























THE RELATION OF ILLUMINATION TO PRODUCTION 193 


for a drawing-office. In his experience, he found that indirect 
lighting is particularly suitable for this work. In the installations 
with which he was familiar, he certainly had no means of measuring 
the illumination, and it may be an extravagant system, but it is 
certainly very effective for drawing work. He also would like to 
ask if it is possible to have the standard dispersive reflector with 
holes at the top for lighting the upper part of the shop instead of 
using the special fitting with a glass globe which Mr. Bush had 
demonstrated. As an alternative to using fittings which give some 
light in the upper hemisphere, would it not be possible to install 
a few subsidiary lights in the upper part of the shop for lighting 
the belts and shafting? It occurred to him that, any fitting employing 
glass would be quickly damaged by the millwrights. 

Mr. Busu, in reply to Mr. Kenworthy, said that he had not 
worked out the cost of installation per square foot. It would be 
possible to fix some rough-and-ready rule for this, but, of course, 
the cost varies with the type of work carried out. For example, in 
a heavy machine shop, wide spacing with large units would be used 
over a given area, whereas small units on less spacing would be 
required over a similar area in a workshop carrying on fine work, 
and the cost would be different in each case. 

Mr. Bush, continuing, said :—Should the first cost be the primary 
consideration in the lighting of a factory? He imagined that 
directors would not hesitate to install machinery which would 
increase production by 10 or 15 per cent. The running cost of 
modern lighting is a comparatively small matter, being only 1 or 2 
per cent. of the wages bill. In regard to indirect lighting in the 
drawing-office, this is certainly ideal where a white ceiling is 
available, provided the intensity of illumination is adequate. Where 
a glass skylight is fitted in the roof, some kind of enclosing unit 
having its own reflector should be used. In regard to breakage 
in connection with reflectors having glass globes, Mr. Bush stated 
that he had not heard of many complaints in this connection, 
although, of course, there are bound to be accidents, but millwrights 
should exercise some care in this respect. The idea of providing 
holes in the upper part of the reflector was only recently introduced 
in connection with the Glassteel Diffuser, and, although it would 
be possible to drill standard dispersive reflectors, this is not a 
standard arrangement at present. The alternative for providing 
illumination in the upper part of the shop suggested by Mr. 
Butler is a good one. 

Mr. Bush stated that he would be very glad to receive the directors 
of the various companies represented by the members of the Institu- 
tion, since he felt that he could convince them as to the value of 
good lighting. 

Mr. Kenwortny wished to know if any special lamps were made 
embodying anti-vibration devices; and Mr. Bush stated that there 
were no special] lamps for this purpose, although some makers pro- 
vided some form of anti-vibration device as an integral part of 
reflectors and fittings. 

Mr. Busn, replying to a vote of thanks, said how deeply he 
appreciated the manner in which the members had responded. He 
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would like once more to mention the question of the Institution 
going deeper into this matter of illumination in the various indus- 
tries in which they were interested. He suggested to the members 
that, if at any time in their respective factories they should make 
tests and obtain data in regard to the relation of illumination 
to output or accidents, it would be doing a great service to the 
industries throughout the country, and also to the electric light 
industry, if they would publish their conclusions. 











THE 
INSTITUTION OF PRODUCTION ENGINEERS. 


A GENERAL Meeting of the Institution was held at the Engineers’ 
Club, Coventry Street, W.1, on Wednesday, April 16th, the Vice- 
President, Mr. W. L. Fisher, being in the chair. 

The Minutes of the previous meeting were read and approved. 

The Secretary (Mr. E. D. Ball) then read a paper on ‘‘ The 
Evolution of an Indian Progress System,’’ contributed by Mr. 
R. J. Mott (Member), who was unavoidably absent through being 
abroad on business. 


An animated and interesting discussion on Progress Systems 
generally then followed. 
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THE EVOLUTION OF AN INDIAN PROGRESS 
SYSTEM. 
By R. J. MOTT, A.M.I.Mecu.E., A.M.1.Loco.E. 


THE works to which this account refers was, until about ten 
years ago, a fair sample of a railway works in India. 
Its equipment was, and continues to be, quite modern for 
a country five thousand miles from England and far more from 
America. ‘The supervision, below a locomotive engineer as super- 
intendent, was in the hands of men with upwards of twenty years’ 
experience of their respective trades, men who had usually held 
some position of responsibility, such as chargehand, before coming 
to India in a similar capacity. These foremen dealt with 
everything which they considered to be within their abilities inside 
their own shops; outside them, they dealt direct with other 
foremen and with the accounts office. The accounting system 
was that prescribed by the Indian Government, and was common 
to all Indian railways. Amd there was plenty of money to spend. 

The change in organisation has come about partly from with- 
out and partly from within. For many reasons, some political, 
connected with Government finance; others commercial, arising 
from the war and the operations of the Home Board of Directors, 
expenses had to be steadily cut down year by year. The conse- 
quent increasing arrears of rolling stock general repairs demanded 
a higher output of parts, so that the workshops that had for many 
years turned out really very good work at leisurely speed and 
high actual prices bearing no relation to the costs shown by the 
accounts system, were gradually transformed. 

One of the first steps to this end was the stocking of standard 
parts by the enlargement of the local depot of the Stores Depart- 
ment into a very large one, to accommodate spares manufactured 
for stock for all purposes. Up to that time, when in the course 
of the erection or repair of locomotives, coaches, and wagons a 
part was wanted which had to be manufactured locally, the 
erecting foreman concerned had it made, not necessarily to 
drawings or any instructions from headquarters, by personal 
arrangement with the foreman of a shop in which it could be 
made, account being rendered on a ‘‘ Request Note.’’ The 
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wording of this note was frequently a few lines of vague formality, 
the business really being settled verbally by visits of foreman to 
foreman. ‘The note was forwarded to the accounts branch with 
a memo. of the labour and material charged to it, and a refer- 
ence to the main head of railway accounts to which it was to be 
charged. 

In practice, work proceeded very satisfactorily under a com- 
mittee of the whole senior supervising staff ; although locomotives 
and rolling stock diverged appreciably from their original designs 
and from each other, without record in the drawing-office, whilst 
output was low and particular costs unknown. But when the 
pressure of the times, and later the standard methods of produc- 
tion imposed on munition factories during the war, caused an 
attempt to be made to bring schedules into agreement with actual 
facts considerable disorganisation all round was_ experienced. 
The allocation of responsibility for a mistake often resulted in a 
‘fcase’’ of papers inuches thick representing in clerical and 
administrative labour a value possibly equal to that of the original 
work. 

In this paper the author intends to confine himself to the supply 
from the locomotive shops to the Stores Department, of stock 
parts for locomotives, carriages, and wagons. The first step in 
this department of the work was to give the Stores Depot certain 
special ‘‘ Work Order Headings,’’ to which all operations in 
stocking parts could be charged, thus at last separating them 
from the tangle of general accounts of the railway and of the 
locomotive department. Previously, any particular piece of work, 
reported direct by the foreman to the accounts office (which, by 
the way, was not under the workshop superintendent), was 
entered under some main heading, such as ‘‘ Repairs to Loco- 
motives,’’ while related charges went under another, such as 
‘* Supply of compressed air in shops.’’ The superintendent, 
although surrounded by involved statistics, had absolutely 
nothing on record, except in his memory, concerning the work in 
hand at the moment. 

The Work Order Heads were originally five in number— 
“L,” “Cd,” ‘* Wg,” ‘*N,” and ‘‘M”’’; respectively for 
locomotive, carriage, wagon, narrow gauge, and miscellaneous 
spares. When stores ran low in a certain part a supply was 
ordered under the proper letter, suffixed with the serial number 
of the order in that class. For example, L200 was the 2ooth 
order for loco. parts given by the stores that year. This was 
sent by the local storekeeper to the workshop superintendent, 
noted by him, registered by the accounts office, and issued to the 
shops. 

There was also established in the shops an Assembly Stores, 
which was required to keep duplicates of all orders in the shops, 
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hold all partly manufactured material awaiting the next operation 
and make all deliveries of finished work. 
Next, the work was divided into the following eight classes :— 


1. Cast Iron Work. Foundry. 
2. Brass, Copper and Mixed Mostly in the Brass Foundry. 
Metal Work. 
3. Wrought Iron Work. Smithy. 
4- Bolts, Nuts and Pins. Made on heading machines in 
Smithy. 
5. Studs. 4 Men soto macs 
i “4 
6. Bar and Pin Work. the Machine Shop. 
7. Flangingand Punching Work. _ Boiler Shop. 
8. Pipe Work. All Coppersmith’s and Tin- 


smith’s Work. 


A register in monthly sheets was kept of all work orders 
received in each class of work ; one copy in each shop, one copy 
in the Assembly Stores, and one copy with the superintendent. 
Each foreman was supposed to keep his sheets up to date, enter- 
ing the progress of the work on each order in his shop; and a 
progress man was detailed to go round the shops with the super- 
intendent’s copy, entering upon it the progress of all orders up 
to their delivery completed to Stores. On the Assembly Stores 
copy were entered the details of the arrival and departure of 
work at that place. 

For the first time, then, the superintendent had some sort of 
routine information of what was being done. When this scheme 
had been in operation nearly two years, however, it was found 
that :— 

(a) A Work Order occupied an average of a fortnight before 
being put into effect. 

Supposing, for instance, the Stores sent an order on the 25th 
of the month. Owing to pressure on his time and the compli- 
cated office system of passing papers, this might be initialled by 
the superintendent about the 3oth, re-copied on to a shop work 
order form in duplicate, recorded by the accounts branch, and 
returned to the superintendent about the 3rd of the next month ; 
signed in duplicate again, sent to the Assembly Stores (taking 
two days to get there), registered once more, and any necessary 
requisitions or Request Notes made out, so that it finally arrived 
in the initial shop between the 8th and roth of the month. There 
it might easily be found that 150 or 200 orders were in front 
of it, and the order would remain unexecuted perhaps for two or 
three months, quite unconnected with any other orders for quanti- 
ties of the same part which might be amongst the prior two 
hundred. 

(5) About 25 per cent. of Work Orders sent to shops were 
incorrect and unworkable, 
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This was a very serious cause of delay and of losing track of 
orders. Anyone in the locomotive, carriage, and wagon depart- 
ment at headquarters or 500 miles up or down the line, might by 
requisitioning something in frequent use, be the cause of a fresh 
article being put on the stock list. He might be the driver-in- 
charge of a small shed or a native train examiner at a wayside 
jungle station ; but when he had described the article according 
to his lights and technical education, it was frequently passed 
through all offices without comment, solemnly entered as a heading 
in the Stores ledgers, and a work order issued using the same 
nomenclature. 

This was sent to the works, eventually arrived in the department 
concerned, and was taken up in due course to be dealt with, only 
to be sent back immediately to head office as incorrect, indefinite, 
or for some reason impossible to execute from the description 
given, nor accountable to the Stores Department as the correct 
supply should difference of opinion arise. 

On the return of the form to head office it would go to various 
persons, specialists in the work in question, in the office of Chief 
Mechanical Engineer ; and to the Stores Head Office in Calcutta, 
or the C.M.E.’s drawing office (there was no drawing office for 
the workshops). It might return to the shops correct no less than 
a year after the original date of issue. This also might happen 
after the work had been started, the part-worked material lying 
in the Assembly Stores or on the shop floor during the discussion. 
Meanwhile the Stores quantity debit for this item went on 
increasing and urgent needs were satisfied in unofficial ways, 
the requisitions standing. When the pieces on the order came 
to be made no one could really say if they were wanted or not. 

(c) The monthly progress sheets had become practically useless. 

At the time of first issue, when the work orders in duplicate 
were returned to the workshop superintendent after registering in 
the accounts office, their particulars were entered by the one 
progress man in a manuscript list of that class of work before 
they were sent to Assembly Stores. At the end of each month 
these sheets were typed and a set of copies sent to each shop. 

Suppose in the case described in (a) the work order was 
entered on its manuscript sheet on the 4th of the month. The 
typing of the sheets would commence about the 4th of the next 
month, and perhaps finish on the 8th, so that they would arrive 
in shops on the roth, seven weeks after the issue date of the 
order. Also, when a sheet was completed, it was supposed to 
be returned to head office for checking and filing, leaving the 
foreman without any record ; although the accounts branch (under 
entirely different orders from those of the works superintendent) 
might continue for years to make enquiries regarding the work 
order. 
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In any case, the standard form was not suitable for shop 
registry, and contained in addition all the orders in the work- 
shops, whereas any particular foreman required only about a 
tenth of them. In consequence, foremen kept their own private 
work order record books, and the sheets became a formal com- 
pliance with a standing order for the sake of appearance: 
incomplete, inaccurate, and often unreadable. 

At headquarters the record was no better; there were over 
2,000 work orders in the shops, many of them for articles con- 
sisting of several parts to be manufactured simultaneously, some 
of them in abeyance, others under experiment and enquiry. Some 
passed direct from shop to shop in contravention of the purpose 
of the Assembly Stores. Occasionally the copy of the work order 
was personally taken right out of a shop or Assembly Stores by 
someone in authority ; there was no machinery to secure its prompt 
return or to cancel the order automatically after a period. 
Coupled with the lack of reliable shop records, this gave the 
single man on progress work no hope of coping with his lists. 
In two years they had become a hopeless muddle. 

* * * * 

It was realised that special supervision was needed if the 
stocking system were to be effective. The foreman of Assembly 
Stores had by this time acquired so much other work in con- 
nection with locomotive building, repair work for the line, and 
collection of scrap, etc., that he could not specialise on this 
branch of his work ; moreover, it was felt that more authority 
than he could apply was needed. A special officer was appointed 
for production work, I believe the first in India ; and commenced 
with the examination of work orders arriving from the Stores, 
from a technical point of view. A team was formed of two or 
three experienced mechanics. who, with the Production Officer 
and Assembly Stores foreman, examined work orders to see if the 
description were intelligible, unmistakable, and in accordance with 
standard practice. Those that were not commenced were sent 
back to stores upon receipt, the stores taking the responsibility of 
fixing correct nomenclature before issue. 

The Stores Department promptly put two technical men, termed 
Duplicate Inspectors, on the preliminary examination of orders 
before despatch, one man for locomotive and one for carriage 
and wagon parts. In the absence of a part number system a 
standing order that a part should be known by its drawing num- 
ber, and the item number or letter on that drawing, was brought 
into force and insisted on for all work orders. 

Next, a new form of monthly sheet was devised, rather more 
suitable for shop use, and was issued blank to the shops and the 
progress team employed to keep headquarter sheets in manuscript 
as before, but to take them round to shops daily, so that shop 
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clerks could fill them in almost simultaneously with the issue of 
the order, dealing only with those that affected them. When 
sufficient time had elapsed for this system to take effect private 
shop registers were prohibited, and no record of the position of 
work but the official sheets was allowed. The headquarter sheets 
were transferred to the Assembly Stores, together with all the 
routine work of examining, checking, and signing work orders, 
thus taking a great deal of formal ‘‘ post office ’’ work out of 
the overloaded baskets of the workshop superintendent and his 
immediate. assistants. 

Next the division of work for the purposes of the monthly 
sheets was developed from eight divisions to fifteen, and finally 
to twenty-six, thus turning the monthly sheets into a subject 
index of work orders, a most valuable feature. Also, it made 
one sheet for one section for one month the general rule, simpli- 
fying the filing system to a degree impossible to realise from 
description. At the same time the progress staff was gradually 
expanded until one man could be held responsible for all ques- 
tions arising regarding one section of work, reporting thereon to 
the production officer. This individual could at last be con- 
sidered responsible to the superintendent for all stores work orders 
to which the scheme applied, and the one person to be dealt with 
on this subject by all outside the works. Extended to the accounts 
branch this practice at one stroke eliminated the immense unregu- 
lated and involved correspondence between clerks of C.M.E.’s 
office and those of foremen’s offices. Being centralised it could 
be confined to the plain confirmation and negation of facts, leaving 
to the offices the work of adjusting and investigating cases and 
relieving the shops of a large amount of clerical work. 

The clerical work was by no means gone, however. The system 
of drawing stores and raw material was such that large sub-stores 
were kept by e»ch shop, and heavy work in requisitions, reminders, 
rejoinders, and contradictions was necessary, while the work order 
lay in charge of the shop, and was shown as “‘ in hand,”’ although 
really awaiting material. 

Next, the sections of work above mentioned were grouped. The 
heads of the groups (progress inspectors) were given a greatly 
improved status, and to them was given all responsibility for 
requisitioning material, with instructions that on no account was 
an order to be passed into a shop except with the raw material (or 
proof that it was available, as in the foundry). 

In giving a description of the organisation as far as it has pro- 
ceeded (April, 1923), the author cannot do better than draw 
attention to the tables reproduced below, showing the dual system 
on which the locomotive workshops are now divided. It will be 
noticed that the two organisations are totally different in prin- 
ciple The supervising staff is divided according to departments, 
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and deals with all matters within the particular shop or section 
of a shop that each individual supervises ; while work is there, it 
is entirely under the supervisor. 

The Progress Staff is divided according to work or kinds of 
work. Each member deals with his own particular kind, wherever 
it may be, from the moment the order reaches the Assembly Stores, 
in the first instance, until the finished material goes to the Stores 
Department again. He has actual charge of the order and 
material only while it is in transit between shops, that is, in the 
Assembly Stores where he is stationed. He is, however, respon- 
sible for ensuring that, once issued, an order falling into his 
section is not allowed to rest or to be forgotten in any shop, the 
Stores Department and Head Office for these purposes being 





























regarded as ‘‘ shops.’’ 
Form “ A.” 
Stores Work Order No. ............ ME ecernt het aGes Caaeee 
Stores Previous W.O. 
Title of Work. |Quan.| Reference. Number Remarks. 
and Date. 
(Including (Letter or (Required to 
drawing and Requisition locate 
item No. causing similar work 
number.) Work Order.) | simultaneously 
in shops.) 
(Sgd.) 
Enclosures :— Deputy Controller of Stores. 


A Work Order is issued by the Stores on Form A. It 
is addressed to the workshop superintendent, but passes through 
his despatch clerk direct down to the Assembly Stores. The 
receiving clerk of the Assembly Stores sends it to the proper main 
group to which the work belongs. It then goes before the Group 
Progress Inspector, who marks it with its proper classification in 
the right-hand top corner as shown, and checks the drawing and 
description. If not correct, he returns it to the Stores, where the 
Duplicate Inspector puts it right. If correct and not likely, for 
any reason which he can possibly foresee, to encounter any diffi- 
culties of manufacturing in the shops, he initials it and sends it 
to the Production Officer, who, if also satisfied, passes it for 
issue to the Chief Mechanical Engineer’s Office. There is a pro- 
posal on foot to issue it direct on the production officer’s signature, 
but at present many difficulties prevent this simplification. The 
C.M.E.’s Office frle and register the original paper, copying it out 
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in duplicate on Form B, and send both these latter to 
the Production Officer. One of these, on card, passes down to 


Form ‘‘ B” (on Cardboard). Front. 





Preceded by W.O. No. ........ ar Sertiom ...... 
Workshop Order No. ............ on Loco. Shops. 
PINE ln nScobececnde ceded eeeae esc aeatwaies 
Vide Requisition or Letter No......... Ce a eer 

Title of Work Drawing and 
and Quantity. Debitable to Item No. Remarks. 





(Capital or 
Revenue Ac- 
| count Heading.) 





For Supt. of 














Workshops. 
EC TT CCRT Pee 
Date of issuing Work Order .......... 
For Chief Mech. Engineer. 
Followed by W.O. No. ............ ng, OE oe 


(Entered when further orders for this part are received.) 


Form “ B.” Back. 
Material retained in shops. 
































Regqn. No. Date 
Description. Off W.O. Quantity. and Date. Received. 
Work 
Order, 
Number 
and Date. 
Material drawn from Stores. 
Reqn. No. Date 
Description. uantity. and Date. Received. 





~O 
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Form ‘“B.” Back—continued. 


Operation Cards issued. 





Date Date | 
Number. Issued. Completed. Remarks. 





Operation Card num- 
ber is related to | 
W.O. thus :— 

lf Work Order No. | 
is L2oo, the first 
Op. Card is L2oo/r, 
the second L200/2, | 
etc. 

















NOTE.—“ Material retained in shops.’’ Parts actually in manufacture 
in the shops may be required for the assembly of another order dated a 
little later. If Stores Dept. have not a prior demand for these parts 
from elsewhere, they accept a special memo. in such cases, as well as the 
ordinary requisition, and the parts are held in Assembly Stores on 
completion. 


























Form “ C,” 
Workshop Requisition. ee 
stores Ward No. .....00000000% 
Description of | Quantity | Quantity 
of Articles. Indented | Supplied.| Unit. Rate. Value. | 
for. 
| = 
— 
| } | 
| | } 
| | | 
_ _ (Sgd.) (Sgd.) (Sgd.) 
Receiving Clerk. For Supt. of Works. Shop Foreman. 
Date Date Date 


the Assistant Progress Inspector of the section concerned, who 
prepares :— 

(a) A list of parts if the article consists of several parts ; 
for example, an eccentric sheave consisting of one wrought- 
iron piece, one cast-iron piece, bolts, nuts, and cotters. 

(b) Requisitions (Form C) on Stores for all material 
required specially for this order, such as bar steel, 
stock sizes of bolts, rough plugs, and pins. Pig iron, white 
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metal, etc., are, of course, delivered in bulk to the shops. 
and the amounts used noted afterwards. 

(c) Operation cards (Form D) for all the operations 
required on one piece, such as the wrought-iron piece of an 
eccentric sheave ; as many cards as there are separate parts 
to an article. 

(d) An assembly card, which is an operation card similar 
to the above for the assembly of the parts and final work on 
the assembled article, each operation being specified. 

He despatches the requisitions to Stores, and files the work order 
and operation cards, the backs of the cards being filled in with 


Form “ D” (Cardboard). 


Locomotive Workshops. 












































| ee ET cucstereigra artes okie 
OPERATION CARD. 
Preceded by No. ........ NE ahaa teeny etae A Se 
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cross-references to each other, and to the requisitions, in his 
drawer, ‘‘ Awaiting material.’’ He also enters particulars of the 
order in his section monthly sheet (Form E), putting the day’s 
date in the column ‘‘ Awaiting material.’’ 

On receipt of the material it is issued to the initial shop if it 
can be taken there to put in hand at once, together with the 
appropriate operation card, the section sheets being again dated 
in column ‘‘In shop X.’’ If it cannot be taken, owing to 
pressure of work, it is noted in the remarks column of the sheets 
as ‘‘ Awaiting shop X ’’ in pencil, this being erased when the job 
is taken. The work being finished in the first shop, the pieces 
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and their card return to Assembly Stores, the work is viewed and 
checked, the cards initialled accordingly and issued to the next 
shop or held to await the arrival of other parts. Throughout, 
the movements of the work are shown by the dates under the 
headings in the section sheets, dates ‘‘ out ’’ of each condition 
being shown in red ink, and dates ‘‘in’’ entered temporarily in 
pencil. This information is also given on the back of the work 
order card, which is kept filed in a General Cabinet in the 
Assembly Stores, in numerical order, irrespective of sections. 
When operation cards are pending in the Assembly Stores, they 
are filed in the section man’s cabinet in order of arrival under 
appropriate indices, ‘‘ Awaiting Assembly,’’ ‘‘ Awaiting Shop 6,”’ 
‘* Awaiting Supt.’s orders,’’ and so on. 

This system enables an immediate reply to be made to questions 
such as the following :— 

‘* Where is Work Order L2045 and what is it for?’’ 

** Why is Work Order N236 held up? ’”’ 

‘* What orders have we got for L Class brakeblocks and how 
are they progressing ? ”’ 

‘* How much work of Section Bz is waiting to go into the 
Machine Shop? ”’ 

‘How many Drop Stamp orders are now in the Smithy? ’”’ 

** Are you getting from the Stores a prompt supply of heavy 
sections of bar steel? ”’ 

‘* Why are the Stores running short in horn cheeks for bogie 
coaches ? ”’ 

Formerly it would have taken from twenty-four hours to two 
weeks to reply to these questions. 

The Group Progress Inspector supervises the activities of his 
section men and reports with all his group sheets to the Production 
Officer once a week, when all matters relating to the general and 
particular conduct of his group are discussed. It is proposed 
eventually to supplement this by a general conference of Progress 
Inspectors on Saturdays. 

I should mention that the system at present extends only to the 
manufacture of duplicate parts for the Stores Department in the 
locomotive workshops. It is proposed to extend it eventually to 
the direct supply of repaired parts to the running and carriage 
sheds and the manufacture of fittings for new coaching stock (both 
at present run on the old request-note lines) ; and, finally, to all 
work with a view to the adoption of time-study in the future. 

The scheme has only just reached maturity, although much of 
it has been in preparation unofficially for some years. The author 
is well aware that it falls far short of routing and progress organ- 
isation in England and America, but it is really a great step 
forward, allowing for the special conditions of climate, shortage 
of native technical knowledge and organising capacity; and, 
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amongst the Europeans, the essential conservatism of men who 
left Western workshop conditions twenty years before. 

The future of industrial production in India lies far more with 
progress organisation than is generally realised, owing to the well- 
known academic tendencies of the Indian clerical temperament, 
which wraps itself in involved documents and side issues, often 
reducing straight orders and action to dead letters by sheer weight 
of paper. The equipment of the workshops that have been the 
subject of these notes is amongst the finest in India, and if only 
the question of the ‘‘ Pending Work ’’ that pends, no one quite 
knows why, can be successfully tackled, the future will be great 
indeed. 


INSTRUCTIONS FOR WORKING OF ASSEMBLY STORES. 

1. On and after 2nd June, 1913, the following system will be given 
effect to in the general working of the Khargpur Workshops :— 

2. The Assembly Stores will be the centre from which all work done 
on Work Orders and Request Notes will be distributed, and to which all 
such work will be gathered in the different stages of manufacture and 
when finally completed. 

3. The Assembly Stores will also be a means of noting and recording 
the progress of work through the Workshops. 

4- All Work Orders and Request Notes except those noted in the 
next para. will be sent to the Assembly Stores. The term Request 
Note includes those from out-stations and those issued in the Workshops 
from Shop to Shop. 

5. The exceptions referred to in para. 4 are Work Orders for building 
carriages and wagons on Capital Works. ‘These in the meantime will not 
be dealt with at the Assembly Stores, but will be sent direct to the Shops 
concerned. 

6. All Work Orders when issued will show the serial number of the 
article to be manufactured as given in the Maximum and Minimum List 
and also the Drawing No. These numbers will be shown on all duplicate 
Work Orders and Request Notes. 

7. Original Work Orders and Request Notes will be sent to the 
Assembly Stores and then registered. After registration fresh Request 
Notes will be issued on the different Shops for the manufacture of the 
component parts of, or repairs to, articles. The original Work Orders 
or Request Notes will not be sent out of the Assembly Stores, but will 
be carefully endorsed so that each one is a full record of the progress the 
work is making. 

8. The Request Notes issued by the Assembly Stores to the different 
Shops will each have a distinctive mark to denote the Shop for which 
it is intended; for example, Request Notes issued for work to be done 
in the Foundry will have a block figure 1 in the right-hand top corner ; 
for work to be done in the Smith’s Shop a block figure 4 in the right-hand 
top corner, etc., etc. At a glance it will then be seen whether a Request 
Note has been sent to the correct Shop or not. 

g. In all cases where Request Notes are issued from the Assembly 
Stores, the necessary Drawings and templates will be issued at the same 
time. These must be returned to the Assembly Stores with the Request 
Note when the work is completed. 

10. Shops receiving such Request Notes will keep a register of all 
received. The action taken by any Shop will be recorded on the back 
of the Work Order or Request Note. As the work is completed the 
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Request Note, together with the articles, will be returned to the Assembly 
Stores; the transaction being noted in the Shop Register. Each Request 
Note, when received by the Assembly Stores, will be filed with the 
original Work Order, and this will indicate that the work in the Shop, 
from which the Request Note has been received, is completed. e 

11. When the Assembly Stores has received all the component parts of 
a Work Order, they will be sent from there to the Shop where the next 
operation has to be done with a fresh Request Note. 

12. This procedure will be repeated until the Work Order is finally 
completed, when the finished article will be sent to the Assembly Stores 
to be checked, and if found correct, passed into the Stores Depét. 

Note.—As an example, a Work Order is issued to make 20 eccentric 
sheaves. The Work Order will be sent to the Assembly Stores. 

Assembly Stores will register the Work Order and pass on a Request 
Note to the Foundry to have the cast-iron pieces made. 

A Request Note will be prepared by the Assembly Stores and passed 
on to the Smith’s Shop for the wrought-iron pieces. 

The nuts, cotters, and studs required for the sheaves will be drawn 
from Stores Depét on a requisition, submitted by the Assembly Stores. 
It would not be economical to issue a Request Note on the Smith’s Shop 
to make such a small number of any of these parts. On the other 
hand, should the number of such parts be sufficient to justify setting a 
nut-making or similar machine to make them, a Request Note would be 
issued to make them. 

The Foundry will make the cast-iron pieces and send them with the 
Request Note to the Assembly Stores. 

The Smith’s Shop will make the wrought-iron pieces and send them 
with the Request Note to the Assembly Stores. 

These component parts will be checked in the Assembly Stores, and, 
if found correct, passed on to the Machine Shop, vid the marking-off 
tables with another Request Note. It should be noted that only complete 
sets must be sent for machining. The cast-iron parts or the wrought- 
iron parts must not be sent separately. The Machine Shop may not 
be in a position to take the full twenty sets at one time; it may be 
able to take only a portion. Should this be the case, ten, or whatever 
the number may be, sets must be sent. The reason for this is, should 
the twenty cast-iron pieces be sent for machining and when completed 
returned to the Assembly Stores the making of the eccentric sheaves as 
a whole is very little better off than before the cast-iron pieces were 
sent to the Machine Shop. There would be forty pieces lying about 
the Assembly Stores, and the job could not be taken forward. If five 
complete sets are sent to the Machine Shop when machined and returned 
to the Assembly Stores these five sets can be sent forward to the Fitting 
Shop to be fitted together and finally completed and passed into Stores 
Depét. 

13. In certain work orders the Assembly Stores will pass Requisition 
on Stores Department for the material required for manufacture. ‘These 
will be for bars of iron, copper, and such like when the bars are to be 
sent direct to the Machine Shop to be worked up in a hollow spindle 
lathe for bolts, nuts, etc. In all cases where the material has to be 
worked up in the Smith’s Shop, Coppersmith’s Shop, etc., the Shop 
concerned will prepare the Requisitions on Stores. 

20. Re Request Notes issued in the Workshops from Shop to Shop. 
This is to be done away with. All Request Notes issued in the Workshops 
will pass through the Assembly Stores. 

23. All parts will pass through the Assembly Stores. Certain parts 
will nominally pass through; for instance, it is not feasible actually to 
send a set of engine or tender wheels to the Assembly Stores and from 
there to the Wheel Shop, and when the repairs are completed back to the 
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Assembly Stores, and then when the engine is ready to send the whecls 
to the Erecting Shop. There are several such instances where the material 
will nominally pass through the Assembly Stores. It is not possible to 
detail the articles and parts of an engine or carriage and wagon inat will 
nominally pass in and out of the Assembly Stores. Experience will guide 
forem2n on this point, and should there be any doubt, the particular case 
should be referred to the office of the Superintendent of Workshops. The 
Request Notes will, however, always be sent to the Assembly Stores, regis- 
tered and treated in similar manner to Request Notes from out stations. 
As the work asked for on the Request Notes is completed, the shop in which 
the work has been done will endorse the Request Note received from the 
Assembly Stores and return it as in the case of one from an out station, 


SUPERVISING ORGANISATION. 


Loco. Works Manager. 


| | | 
Production Officer. | Officer i/c Outstations and 


| Repair Work. 





| 
Foreman of Shops. 
| 
Charge Hands. 
PROGRESS ORGANISATION. 


Loco. Works Manager. 


Production Officer. 





| | 
Progress Inspectors. Special Progress Inspector. 
Groups I.—VI. 


| 
Asst. Progress Inspectors. Asst. P.1.—Special Work. 
Asst. P.I.—Urgent Work. 
Asst. P.I.—Operations Study. 
Personal Asst. to Production 
Officer. 


Clerks. Clerks. 


and as the Erecting Shop is ready to receive the parts they will be sent 
there. 

24. There is at present a Store attached to the Erecting Shop. Material 
from engines undergoing repairs in the workshops is stripped and sent 
with a Request Note direct to the shop concerned from this store. As 
material is repaired it is returned to this store. There is in this store 
material that has to be repaired and material that has been repaired for 
one and the same engine. This practice is a departure from the spirit 
of the system laid down in this note. All material for repairs should be 
sent away from the Erecting Shop as laid down in paragraph 21 as a 
complete set and returned to the Erecting Shop as a complete set. The 
custody of such parts will be in the hands of the Assembly Stores until 
they are actually required to be fitted to an engine. 
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25. The Assembly Stores will thus become a record of the progress of 
work through the workshops, and it will be possible from the information 
recorded to locate any part of any work in progress whether it be for a 
Work Order, Out Station Request Note, or Shop Request Note. 

26. There will be cases where work is spoiled. It may be wrongly 
cast, forged, or spoiled in a Machine Shop; when such cases occur, the 
incident must be recorded in the Work Order or Request Note, and 
necessary steps taken according to the procedure laid down for dealing 
with new work to replace the spoiled portion. 

27. The foregoing lays down the broad principle to be followed. It is 
scarcely possible in a general note such as this to cover the many details 
that must be observed and followed in a workshop where there is such 
a wide variety of work done as in Khargpur Workshops, The discretion 
and initiative of the supervising staff must be relied upon for these many 
details. It is expected that the spirit of this note will be followed. Details 
that will improve matters and tend to perfect the system will from time to 
time occur to the supervising staff, and all such ideas when brought 
forward will be carefully considered, and if feasible brought into force. 


FIRST TEMPORARY INSTRUCTIONS AT COMMENCEMENT OF 
PROGRESS PLANNING. 
FLANNING DEPARTMENT. 

Notes on present arrangement. 

1. Stores Requisitions will be passed straight down to A.S, for inspec- 
tion by P.I.s, each for their Group. They will see :— 

(a) That the description is understandable and unmistakable, i.e., 
Drawing No. and Item No., or Class quoted, sample or sketch supplied 
if required, or if it can go to manufacture on nomenclature alone. If not, 
L.D.I. or C.D.I. should be applied to on standard forms, obtainable 
from F.O., A.S. 

N.B.—The written terms of the Work Order must permit of no doubt 
whatever. 

(b) That any Drawings referred to are correct and in Shops. If not, 
D.O. should be applied to on standard forms, obtainable from F.O., A.S. 

(c) That any special remarks are put on the sheet, such as ‘‘ Material 
from spares in A.S.,’’ or ‘‘ Material not available in Stores.’’ 

(d) That the quantity is not too large to be completed in about three 
months. If it is, he will arrange to divide it up into portions on R/Notes. 

(e) That the quantity is not too small to be worth putting in hand. If 
so, he will refer to L.A.P. for increase, giving suggested number. 

2. At least one clerk of each Group must be in A.S. at all times, to 
receive W.O.’s from W.O. Section. As they are received they will 
be entered in Section Lists, and once a day L.A.P. will mark same for 
issue. Until then W.O.s will be kept in the glass-fronted cabinet in A.S. 

3- When authorised for issue and signed, W.O.s will be passed over 
to the Work Order Section of A.S. for requisitioning and despatch to 
Shops. 

4. Work Order correspondence will also be passed straight down to 
A.S. on receipt. Each Group Clerk will note on the correspondence affect- 
ing his Group the present position of the W.O.s quoted, put up to his 
Progress Inspector for remarks, then despatch to L.A.P. 

5. In certain cases it has been arranged that on being signed the W.O. 
will be divided into parts corresponding to a standard operation sheet ; 
for example, eccentric straps and sheaves. In such cases the W.O. will 
be taken over, on arrival in A.S., by the P.I. concerned, who will get 
out the R/Notes required in duplicates, from the R/No. Book with which 
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DIVISIONS OF WORK. 
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Standard Description. 

Symbol. 

(At. Cast Iron. Firebars, brakeblocks, 
drums, axlebox, face- 
plates and keeps. 

A 2. Rough, general. 

As Machined and part 

GroupI. 4 machined. 
‘ ; A6. Brass. Rough, no cores. 

A 7. a Rough, cored. 

A 8. os Axleboxes, brasses and 
liners. 

A 9. Plugs and cocks. 

\A Io. Machined, general. 

Bi. Wrought Iron and Steel. Drop Stamp Work. 

B2. ~ i re Bolt Heading Machines 

B 3. Springs. 

B 4. Miscellaneous Forgings 

B 5. Carriage and Wagon 
Forgings. 

Group II. 46, . Lesnainve Forgings. 
(Bolts, Nuts and Pins) 

B7 ‘ Ditto (Spring hangers, 
shackles, handles and 
levers). 

B8. Ditto (general). 

G. Press and Plate Work. (Boiler Shop). 

H. Copper and Tinsmith Work. 

Kr. Bolts, screws and stays. 

Group VI. +K2. Studs and Setscrews. | Machine-shop Work 

K 3. Nuts, Washers and Bushes. } from Bar Stock. 

K 4. Brake and Spring Pins. 

K 5. General. 

Group IIT. Q. Miscellaneous and Wood- 
work. 
PROPOSED LATER ADDITIONS TO THE DIVISIONS 
OF WORK. 

Standard Description. 

Symbol. 

Cc. Carpenter’s and Joiner’s Done in Carriage Shops 

Work, Furniture, etc. 
Group III. D. Painting, Polishing, Leather, 
| sewing, and all work wholly 
in or originating in the 
| Carriage Trimming Shop. 
Group IV. E. All work wholly or origina- 
ting in the Wagon Shops. 
Group V._ F. All Special and Urgent Work. 
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he will be previded, have both the Work Order and the R/Notes listed 
in the appropriate sections, and put the whole up for signature; after 
which both copies of the base Work Order wili be filed in the cabinet, 
with the duplicate R/Notes, and the original R/Notes sent to manufacture 
through the ordinary staff of A.S. 
(sgd.) L.A.P. 
(Loco. Asst. Supt. for Production). 








It is proposed to arrive at the divisions of work set out on the opposite 
page by the introduction in Carriage and Wagon Shops of Assembly 
Stores similar to that already operating in Loco Shops, in charge of the 
Progress Inspectors, Groups III. and IV. respectively. 
assist Production Officer in Works Manager’s Office. 

It should be specially pointed out that the work referred to above is 
quantities of stock parts for delivery to Stores Department only. Only a 
small proportion of the parts the Carriage and Wagon Shops require are 
manufactured by them, the bulk being from Loco Shops or bought outside. 


Group V. will 
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THE DISCUSSION. 


Mr. Hurtcuinson, in opening the discussion, said :—Mr. Chair- 
man and gentlemen, this paper is, I think, called ‘‘ The Evolution 
of an Indian Progress System.’? The word “ evolution’’ in this 
instance means very slow development. We have listened to a very 
admirable description of many troubles, and one cannot help feel- 
ing that, whoever introduced that progress system had wonderful 
scope. So far as the paper is concerned, there are two points that 
are of an instructive nature. It would be rather interesting to see 
why they had a superintendent. Another point that struck me was 
the number of figures in red ink. But seriously, I think this paper 
only goes to show how almost impossible it is to write about a 
** Progress System.’’ All papers of this kind point to one fact, and 
that is that in talking about progress system we generally miss the 
important facts. As one gets older one realises that the term 
“progress”? is a very wide term, and may cover anything. A 
firm’s business is to sell and supply goods for profit, so where does 
the ‘‘ progress ’’ start and where does it finish? We might say it 
starts with the Board of Directors and finishes with the labourers. 
We are all connected with progress, and that is to make goods and 
sell them. The sales department is there to get orders and fill the 
works. 

The most prevalent mistake is over-organisation. You have, as 
a rule, in an engineering factory, a commercial department that 
receives the orders and passes them on to the drawing-office or the 
department attached to the drawing-office, and by this means they 
reach the shops. Then, as a rule, you get your progress department 
responsible for the requisitioning of raw material, in some cases, 
jigs and tools. They then issue the material to the shop, and progress 
it to the finished stores. This all sounds very simple, but when you 
come to talk about the detail of progress systems, it becomes very 
much more involved. Obviously, the progress system which applies 
to one factory cannot apply to another. There must, however, be 
some fundamental principle underlying all progress, and, generally 
speaking, you can divide the subject into two categories. One view- 
point regards ‘‘ progress’’ as the department which is responsible 
for the judicious planning of the work, and the arranging in advance 
for the movement of the work through the shops. The other view 
is that the progress man is nothing, he is merely an urger. 

Now the duties of an urger mount up, and a progress man becomes 
necessary. Once a progress man has failed, progress has been lost. 
The progress man must therefore be properly trained. I might 
say that, as the author of the paper is not here, I have spoken in 
rather a general way, in order to stimulate other members to enlarge 
upon the main point I have raised, that is, where a progress system 
should start and where it should finish. 
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Mr. But er said :—I think that the author in describing the time 
it takes for an order to get into the shops, has described a condition 


of affairs which arises possibly a lot nearer home than India. 


One of the reasons for the trouble spoken of by Mr. Hutchinson, 
namely, that the progress man develops into an urger, is lack of 
care in other quarters. I have known many instances where a quo- 
tation for, say, six weeks delivery has not been completed until 
considerably after the agreed period. Those responsible for making 
the promises of delivery, do so, well-knowing that they can produce 
the parts in the given time, but, unfortunately, out of the six weeks 
they quote, they are usually allowed three weeks to a month, 
because although the order comes into the works, yet when it has 
gone through the ordinary system obtaining in quite a large number 
of the firms, much time has been lost. 


I dare say a good many of us could quote instances where a job, 
although it is fairly straightforward and not new to the factory, has 
taken in almost any case a week to ten days to come through into 
the shops by the ordinary routine. For special jobs the works 
superintendent or works manager would receive an order to get it 
through quickly, and this he could do only by cutting out the ortho- 
dox system. There is a point which I do not quite follow in the 
paper. Although it describes a system by which orders are issued 
to the shops, I do not remember hearing who decides how these 
jobs are to be done, and to whom given. There is mention of a 
production officer, but he seems to come into the picture merely to 
ensure that there are no errors in the order. 


As to where a progress department starts and finishes, my own 
idea is that a progress department can only function as such if it 
is run by a production officer or superintendent or works’ manager. 
Too much is expected from what we call a “progress man.*’ Nine 
times out of ten he is just a smart, energetic, pushing young man, 
who can be relied upon to worry stuff through as fast as possible. 
I think that unless he has the very firm backing of the shop superin- 
tendent, he will never get the stuff out to time. Although he does 
go round the shop, the foreman gives him an excuse, and sooner or 
later he may deliver the stuff, if nothing else more urgent turns up. 
I think that the laying out of the work in the first place, and the 
arrangement of the workers in the shops, will do a lot more than 
half-a-dozen progress men, no matter how energetic they may be. 

For instance, if you quote six weeks delivery on 500 machined 
parts, you are assuming that the order will be placed within the 
next week and that you are able to get a start straight away. 
If that order does not come in for say a month, you might quite 
easily have quoted for three other jobs and got them started. A 
delay will be bound to occur before the six weeks’ job gets on the 
move. I think the cause of quite a lot of the unsatisfactory work 
is to be laid at the door of the progress department and this section 
should always be directly under the control of either the production 
engineer or the superintendent. 

Mr. Storey: This paper is called ‘‘ Evolution.”” There is no need 
for half the evolution that we have. If everything were carefully 
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prepared and planned out beforehand, most of these troubles could 
be forestalled. 

One of our biggest troubles is that these instructions are not 
written down in a careful and detailed manner, so that copies can 
be furnished to the foreman and heads concerned. If you carefully 
schedule your order, there is no progress system that could schedule 
your work as well. You can carry through the orders with very 
little trouble and also overcome these constant difficulties mentioned 
in the paper. 

I was asked once to organise a small firm for the manufacture of 
such things as air-compressors for refrigerators and dairy 
machinery. The first thing I asked for was the drawings and other 
parts for two or three dozen kinds of machines. There was not a 
single drawing in the place. When they wanted to make fresh 
parts, they took an old machine to pieces and measured the parts 
up with a rule. You cannot get a progress system together until 
vou have got drawings of all your parts, and this applies to nearly 
all manufactures. Before I could introduce a progress system into 
this shop, I had to get together all the necessary drawings. 

Mr. Weatherley: Mr. Mott, in his paper, has described a state of 
affairs in India, and I should like to congratulate that production 
engineer upon the progress he made in the short space of two years, 
knowing what the labour conditions in India are like. When you 
consider their systems of buying, you will agree that standardisa- 
tion with Tegard to engineering in India is a problem. Let me give 
you an instance. A gentleman from India came over here some- 
thing like eighteen months ago, and went to some auction rooms. 
An Englishman bid 4450 for a certain piece of machinery, and the 
auctioneer was letting it go at that figure, when the Indian gentle- 
man jumped up and offered £1,000, and he did not know what he 
had bought. 

I am of opinion that the head of a progress department should 
have practical knowledge and have an equal interest in the machine 
shop with the superintendent. He should, perkaps, know a little 
more than that. He should be able to control the cost depart- 
ment. In fact he must be a superman. That is the kind of indivi- 
dual that is wanted in the progress world. Also a progress man 
must work through, and in conjunction with the buying department, 
as it is his job to be acquainted with the materials and cost. He 
has to apply to the buying department, and advise the works 
accordingly. 

The buying department receives the order for materials, and they 
depend upon their buyer supplying them immediately. He for 
various reasons is unable to do so, and that is where the works get 
let down, and where so much delay is caused. The works depart- 
ment have to order elsewhere, and this takes further time. 

Now, if the progress man combined and worked hand in hand 
with the buying department and works department, an improved 
buying system would result. The progress man would know imme- 
diately what was coming in and would know, with his practical 
knowledge, where to place it. He would also know exactly which 
machines should be utilised to get the orders out speedily. 


THE EVOLUTION OF AN INDIAN PROGRESS SYSTEM 217 


Another important point to be considered is the giving of delivery 
when orders come in. ‘There is far too much guessing and promis- 
ing quick deliveries. It is entirely wrong. There are not many 
orders coming to-day that people do not know of and expect. The 
percentage of unexpected orders is very small. Therefore people 
should be able, if properly organised, to judge the number of orders 
that are likely to come in and so calculate accordingly the time it 
will take to execute them. In this way their quotations for delivery 
would be more accurate. That, to my mind, overcomes a lot of 
the sudden work being sprung on the factory, and causing night 
shifts, which are always very bad. 

Mr. Mantell: When considering Mr. Weatherley’s remarks, one 
wonders whether the buying department should not come directly 
under the control of the production engineer. Production is held up 
more through delays in the delivery of raw material than for any 
other reason, and the delay is very often justified by the buyer. He 
knows perfectly well where stuff can be obtained, and obtained 
quickly, but the buying department has so elaborate a system, that 
the delay is caused by the stock having to come in, being scheduled, 
thought about, etc., and it has to see that the firms quoting have 
included insurance, etc. The firms then send down men to make 
the acquaintance of the responsible buyer and eventually the order 
is placed. It frequently happens that the particular quotation is 
out of stock, it having been disposed of at a private sale. 

By the time the buyer is satisfied that he has impressed everyone 
with the fact that he is the buyer, the stuff is sold. He then makes 
a row because the stuff has been sold in the meantime. The whole 
programme has, however, been delayed. If the production engineer 
had control over the buying department, it would facilitate stuff 
going through. We know the buying department is put there by 
the financial side of the business, and by a series of checks we 
could see that the buyer was not buying too extravagantly. Take 
the case of raw materials. Generally it is a very small percentage 
of the cost of the job, and even if you are paying five per cent. 
dearer here, you are only paying about } per cent. more in the cost 
of the job when it goes out of the factory. It is a question of, 
perhaps, this } per cent. which is the cause of holding up the work, 
waste of time, and innumerable delays. Machines are standing 
idle, overhead charges are mounting up which is all due to this 
unnecessary delay. And then overtime is necessitated in order to 
keep the order up to the delivery promise. Referring to the pro- 
gress man, I certainly think that he should be directly under the 
production engineer. 

In reply to Mr. Mantell, Mr. Weatherley stated that he dis 
agreed with some of his remarks. He admitted that the buying 
department was most inefficient in many cases, and that the order- 
ing of stuff was the cause of most delays. But he asserted that 
progress men should have no authority over the works manager, or 
the production side of the business, nor in regard to raw materials, 
cost, etc. He thought the progress department had not time to 
devote to these. 

Mr. Swan: The point that has been raised about buying seems 
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rather a change from what we have been hearing at one or two 
recent meetings. I seem to remember hearing with much stress 
that you must not buy in order to stock; yet if you do not buy for 
stock, you may run into a shortage. If you do buy for stock, you 
may run into a falling market. 

That is where the buying department really has a place indepen- 
dently of the production engineer. It is often laid down that you 
must not buy for stock on account of the tying up of capital. 
Regarding the laying out of work, in some systems the beginning 
of the whole thing is, as Mr, Butler pointed out, the capacity 
of your machines, and calculating everything accordingly. A com- 
plete record must be kept of the machines that are idle. This is the 
only way to tell beforehand, fairly accurately, how things are going 
to turn out. Systems I have known carried out on these lines 
have proved most satisfactory. You can lay out the work, no 
matter what orders come in, without causing any confusion. Take 
any job that comes in. The estimating people work out the cost. 
When that information is available it should not be a very difficult 
thing for the production engineer to lay the job out into its different 
sections and file the various estimates for future reference in some 
handy form. 

Mr. Hey: Regarding the question of material. In India they 
have had some difficulty in getting the stuff. First, conditions 
there require a’ very long look ahead. Secondly, it is necessary to 
have a sufficient supply of the various classes of steel, etc. Coming 
nearer home and the question of stocking raw material, I know of 
a motor car firm turning out 300 cars a week, where a three weeks’ 
supply of material is stocked in case of mishaps in the supply of 
this material. One particular firm that I had business with, repre- 
sents a capital of £2,000,000, and this was mostly invested in the 
stores and works of the business. It will readily be seen that the 
question of material is a very important factor. Even so delay was 
caused through stampings and so forth. 

Regarding order dates not being kept, you will find that most 
foremen to-day will give an estimate of, say, six weeks from their 
receipt of the order, subject to acceptance within three days. As 
regards a progress system, in the case of small orders these should 
go through the works on an entirely different form. Small orders 
should be treated as repair orders, passed through from the order 
department to the works, and so right on into the stores within 48 
hours. In the case of operation orders, I have seen a system 
worked in Scotland on the Clyde, where large marine engines were 
turned out for battleships and fifteen thousand orders have been 
issued within 24 hours. My experience is thaf a progress depart- 
ment is of great value. It is merely a matter of control, and this 
department should see that each other section of the firm abides by 
the rules laid down for it. 

Mr. Hutchinson: It is very difficult to talk about an ideal pro- 
gress system. No one seems to have discussed a progress system 
even now. Various difficulties have been mentioned but I cannot 
see the connection between these remarks and the question of a 
progress system. The first thing to consider is where a progress 
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department commences and where it finishes. Well, to my mind, 
the duties of a progress department commence from when the order 
is issued into the shop. The production engineer passes it on to the 
progress department and so on to the chief of progress. He then 
passes particulars to the planning department, where in turn further 
details are conveyed to the jig and tool department. The planning 
department then allots out the work to the various shops where the 
parts are to be manufactured. Designs are got out for special 
jigs and tools and a set of copies of each are conveyed to the various 
departments concerned. Also jigs, tools and gauges are supplied 
to the, respective sections of the factory. Unfortunately, to-day, this 
part of the work is left to the chief inspector who has to order the 
stuff. I think the man in the jig and tool department should be 
responsible for all forms of gauges, because he decides under which 
manner the job is to be handled. After the various parts have been 
completed to specification, they are returned to the progress 
department. 

There are two types of progress men. The progress man who is 
looking after one particular form of product, and the progress man 
who is in charge of a particular section of a shop. The ideal 
system, I think, is for the progress man to be allocated to a par- 
ticular section of the works. It is an advantage to have a limited 
number of progress men stationed in the central office, watching 
the progress all through the shops, purely from the records. By 
this means they can keep the progress men in the various sections 
in touch with each other. The idea is to link up all the progress 
men. 

The good progress man is more difficult to obtain than the good 
foreman. As a rule he is not a technical man. His job is to walk 
about the shops and hustle. Foremen should specialise on the tech- 
nical part of the job; look after the quality of the work, etc. It is 
not practical to have a progress man running round and harassing 
the foreman for this job and that. The best system is to have the 
progress man working in conjunction with the foreman. When the 
job has been laid out and allocated to the machines, the progress 
man says when the various jobs are to be done and in what order. 
All the foreman has to do is to see that the machines are kept 
running, and that his assistants carry out their work. 

To-day, while standing alongside a machine and looking at some 
tools I had designed, I noticed that I had missed one little point. 
When the operator came to fit the part he found that the material 
was unsuitable. I said to the foreman, ‘‘What do you mean by 
using a piece of stuff like that?’’ ‘‘Well,’’ said the foreman, 
‘nothing was provided for the job.’’ ‘‘What do you think you are 
here for? ’’ I asked. ‘Well, I am here to look after the section,”’ 
said the foreman. I said to him, ‘‘ Yes, but you are also here to see 
that the work is done properly, and to suggest things in order to 
avoid wasting a man’s time.” ‘But I was very busy,”’ he 
answered. This shows that by putting a progress man alongside of 
a foreman, I was able to demand from the foreman his full tech- 
nical knowledge and ability. The progress man needs a system by 
which he is advised as to what is required. This necessitates a 
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records department. It is no good sending out orders in a hap- 
hazard way or simply having them dated, and sent to each progress 
man in the various sections. 

The record department has to be divided into two sections, a 
booking section that records the issue of all parts into the shop, and 
another section which is looking after the amount of stuff that is 
required. A schedule of this is given to the progress man. By 
this means he is able to progress the work until it reaches the 
finished stores. He then arranges for the various parts to reach 
the assembling department. That is where the work of a progress 
department finishes. 

Mr. Butler: Mr. Hutchinson has outlined his plan of how a 
progress man should be attached to a section. I agree with him 
entirely, but I should like to know the difference between a progress 
man attached to a section and the old idea of a shop clerk. I 
do not see how a progress man attached to a particular section can 
work both for the progress department and the foreman. He has 
got to work for the one or the other, for before he has been 
attached to a machine shop for more than a month, he would have 
as much interest in the production of the parts as the shop foreman 
himself, and he would automatically take upon himself the same 
excuse and outlook as the foreman. My idea of a progress man is 
that he should be an urger, to see that work is completed according 
to scheduled time. 

Mr. Hey said that he was not in favour of having a progress man, 
but held that a planning department fulfilled these duties. He 
thought a scheme should be adopted on the same lines as that 
carried out in the case of a small repair shop, where the inspection 
department takes the responsibility. 

Mr. Butler concluded the discussion by remarking that a pro- 
duction engineer should control the progress department, as he was 
the person most qualified to do so. 





























THE 
INSTITUTION OF PRODUCTION ENGINEERS. 


A GENERAL Meeting of the Institution was held at the Engineers’ 
Club, Coventry Street, London, W.1, on Friday, May 3oth, the 
President, Mr. J. D. Scaife, being in the chair. 

Mr. R. Shaw, J.P., of Messrs. A. Shaw & Son, Diamond 
Tool Manufacturers, then read a paper on “ Industrial Dia- 
monds,’’ which was illustrated by examples of various classes of 
diamonds and diamond tools. 

An interesting discussion concluded the meeting. 






































INDUSTRIAL DIAMONDS. 


By Mr. R. SHAW, J.P., oF Messrs. A. SHAW AND SON, DiAMOND TooL 
MANUFACTURERS, OF 60, SPENCER STREET, ‘E.C.1. 


T THANK you for the opportunity you have given me of speak- 
ing to you this evening on the part the Industrial Diamond 
plays in modern industry. You are chiefly concerned in the 
use of the diamond for truing and dressing abrasive wheels, | 
therefore propose, first of all, to deal with this part of the subject. 
Those of you who have used diamonds, especially since they 
have touched such high prices, must have had many anxious 
moments, for every user at some time or other has had trouble 
with diamonds. They may bring pleasure to the engineer’s 
wife, but to the engineer diamonds too often bring anxiety. I 
hope the paper I am reading will be the means of imparting 
information of a helpful nature, and will result in bringing down 
your costs for keeping grinding wheels in good condition, and 
manufacturing costs in other directions, by interesting you in the 
use of diamond tools for work on which, hitherto, such tools have 
not been employed. 

The diamonds employed by engineers can be divided into four 
classes :— 

. Carbon—or Carbonado. 

. Ballas—both Brazilian and Cape. 
. Brazilian Boarts. 

. Cape Boarts 


Carbonado or Carbonate diamond was discovered in the 
diamond gravels of Brazil in 1842. Carbonate bears no resem- 
blance to the diamond ; it is found in irregularly shaped pieces 
with rough surfaces, which frequently contain minute cavities. 
It is dark brown to nearly black in colour, opaque and absolutely 
non-crystalline with an amorphous fracture ; viewed with a magni- 
fier it has the appearance of a piece of coke, hence, probably, its 
Spanish name ‘‘ Carbonado.’’ It is the hardest and toughest of 
all the diamonds. The total output of a few years back amounted 
yearly to 30,000 carats, the sizes ranging from mere fragments 
up to stones of about 500 carats. Before the year 1870, when 


diamond drilling was unknown, the price was no higher than one 
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shilling per carat, to-day you would have to pay £18 per carat 
for the finest specimens. 

Carbon is a treacherous material ; the best judges are sometimes 
deceived. I have seen carbons ground away almost as easily as 
chalk, so that judging the quality of carbons is a difficult thing, 
demanding great knowledge, and, even with many years of 
experience, errors are possible. Stones that are porous and look 
like coke, avoid as you would the plague. Stones are sometimes 
judged by their specific gravity, but this test is not infallible. 
Carbons that have passed the test have proved soft in use. How- 
ever, it is quite a prudent course to reject stones of a low specific 
gravity. 

It is also wise to buy broken carbons. ‘The structure of the 
stone can be seen, and if the split side has the appearance of 

















A group of Ballas and cube diamonds. (Actual size.) 


broken steel, is not porous, and most minute crystals can be seen, 
such carbons will not let you down, though their price may give 
you a shock. 

Ballas, or Ball Boart, is round in form, and possesses a 
tadiated internal structure, hence the collected crystals have a 
radial instead of the octahedral fracture of the diamond. Ballas 
is very uncommon, and the hardness of the Brazilian variety is 
very great, equal to that of the finest carbons ; hence it commands 
the same price. Ballas diamonds are also found in South Africa, 
though these are not reputed to be as hard as the Brazilian stones. 
In the case of the best specimens, however, I do not think there is 
much difference ; they are cheaper in price, and if cost is taken 
into consideration, they are, in my opinion, quite as satisfactory. 
Where diamonds are subjected to severe usage on large wheels 
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and particular attention is paid to the proper use of diamonds, 
use Ballas. 

Brazilian Boarts.—All I am about to say of Cape Boarts can 
be said of Brazilian Boarts. There is this in addition, com- 
pared to South African, Brazilian is reputed to be harder, but 


it is more brittle and is dearer. ‘‘ The Gods seldom give with 
both hands.”’ 


Grey and Brown Cape Boarts. 


It has been estimated that approximately 85 per cent. of the 
diamonds used for wheel truing consists of Grey and Brown Cape 
Boarts, which should indicate that they give good service. In 
this general description are embraced the Premier, Jagersfontein, 
Wesselton, Bultfontein, these descriptions being the names of the 
mines in which the diamonds were found. The opinion gener- 
ally prevails that every Boart diamond is imperfect. This may, 
to some extent, be misleading. Diamonds are mined primarily 
for the production of gems, but a large portion of the stones 
are unsuitable for this purpose for the following reasons :— 

1. Some diamonds have cross-grain or Ballas formations 
and are therefore too hard to cut. 

2. Some diamonds contain a number of black carbon 
spots, thus making imperfections in the gem. 

3- Diamonds of a brown, grey, black, or cloudy white 
appearance are of little value for gems. 

All the above classifications are sorted from those suited for 
gems and are used for mechanical purposes. The finest grades 
of those rejected are recommended for truing grinding wheels. 
A very close study of the various colours of diamonds has gener- 
ally proved that the grey, black, or white stones are harder than 
the various shades of brown. ‘This, however, does not mean that 
such stones because of their hardness alone are superior to the brown 
variety. Although the grey, white, and black stones are harder 
than the brown ones, we must not overlook the fact that their hard- 
ness also makes them much more brittle. 

If it can be said of the brown stones that they are relatively 
soft, it should be remembered that :— 

1. They are sufficiently hard to withstand reasonable wear. 

2. They are not so brittle as grey and white stones. 

3. Diamonds may be very easily ruined by careless use, 
and brown diamonds will stand more abuse without breaking 
than any other class of Boart diamonds. 

From the foregoing remarks you will see that personally I do 
not pay much heed to the colour of a stone, neither need you, but 
you would be wise to select diamonds free from flaws and frac- 
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tures. ‘To do this, the greatest care must be exercised, for the 
clean sound stones form but a small percentage of the diamonds 
sold for industrial use. For such stones you must be prepared to 
pay high prices, but in the end they will be- found to be much 

















Cape Boarts graded as to size and quality. 


cheaper than the lower-priced material which abounds. In com- 
paring tenders, do not content yourselves with a mere comparison 
of prices, which would not give a true indication of the values 
offered. Some diamond dealers may be wrong in describing the 
quality of their goods, of course quite unintentionally. Ask to 
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see the goods the competing houses propose to supply, and make 
a selection, always remembering to choose a sound stone, irrespec- 
tive of colour or shape. An honest dealer will help you in your 
choice. 

Do not use a small diamond to dress a large wheel. I have 
heard of a ? carat stone being used to dress a goin. wheel. Think 
of all the announcements grinding wheel manufacturers say as to 
the hardness of the grit and bond of their wheels, and picture a 
massive wheel making 2,o0o—or is it 4,000?—revolutions per 
minute. Too much is expected if you think a poor little # carat 
stone will stand up to such work indefinitely. If a diamond 
should crack up, do not think your merchant has wilfully let you 
down ; diamonds can play strange pranks. They are a product 
of nature, their composition and temper are placed beyond human 
control. The late Sir William Crookes, no mean authority, wrote 
as follows :— 

‘*T have examined many hundred diamond crystals under 
polarised light, and with few exceptions the colours show how 
great is the strain to which some of them are exposed. On 
rotating the polariser, the black cross most frequently seen revolves 
round a particular point in the inside of the crystal ; on examin- 
ing this point with a high power we sometimes see a slight flaw, 
more rarely a minute cavity. The cavity is filled with gas at 
enormous pressure, and the strain is set up in the stone by the 
e.fort of the gas to escape. I have already said that the great 
Cullinan diamond by this means revealed a state of considerable 
internal stress and strain. 

‘* So great is this strain of internal tension that it is not un- 
common for a diamond to explode soon after it reaches the surface, 
and some have been known to burst in the pockets of the miners 
or when held in the warm hand. Large crystals are more liable 
to burst than smaller pieces. Valuable stones have been destroyed 
in this way, and it is whispered that cunning dealers are not 
averse to allowing responsible clients to handle or carry in their 
warm pockets large crystals fresh from the mine By way of 
safeguard against explosion some dealers imbed large diamonds 
in raw potato to ensure safe transit to England.”’ 


Suggestions on the Correct Use of Diamonds. 


The following suggestions should help to obtain more efficient 
as well as more economical results among consumers :— 
1. Take light cuts with the diamond. 
2. As the diamond wears, turn it in the holder to ensure 
uniform wear. 
3. When the stone wears down to the metal settting, be sure 
to reset the stone so as to expose a new cutting surface. 
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4. When the diamond is worn down to a small size, reset 
it in a holder and mark for tool room use. 

5. Instruct operators to be careful about giving the diamond 
any hard knocks. The stones are very hard, and for that 
reason rather brittle. 

6. Be careful not to jam the diamond into the wheel. 

7. Never use a diamond dry except perhaps on small wheels 
for internal grinding or on tool and cutter wheels. 

8. On large wheels for cylindrical or surface grinding, use 
a copious stream of water, and direct it on the diamond at 
its point of contact with the wheel. 

g. Establish some card record system for keeping results 
of the actual service obtained from the diamond, listing such 
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Specimens of carbonado. 











points as number of stone, original weight of stone, weight 
at each resetting, class of grinding for which it is employed, 
number of truings obtained from each setting, total number of 
truings before the diamond is worn out. 

10. Give each operator a diamond. By this means, careless 
users can be more easily traced. 


Rapid cooling of diamonds should be avoided. One of the 
greatest abuses to which shop diamonds are sometimes subjected 
is that of cooling the stone too quickly. There are many operators 
who, through lack of knowledge or absent-mindedness, put a 
stone to work, and when it has become hot suddenly remember 
that there is a good supply of cold water at hand and turn a 
large stream of water directly on the stone. Naturally, the result 
is a shattered stone, and the poor diamond merchant is blamed 
for furnishing a stone of indifferent quality, when the trouble 
was actually caused by improper treatment by the workman. A 
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pronounced flat is soon worn on such a stone, and if it is kept in 
use it is in a state of incandescence, and disintegration is almost 
bound to set in. 

One is often asked what weight of diamond should be employed 
in dressing a wheel of a given size. In this matter I think you 
should seek the advice of users of varied experience, who have 
service records of diamonds extending over long periods, and who 
have no interest in sending up your diamond costs. The Norton 
Company believe that the following list is in accordance with 
present practice :— 





Diameter of wheel in inches. Stone size in carats. 





6 $ 
8 i 
12 I 
14 
18 I8 
24 
30 2 
36 3 
46 5 
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If you want to secure good service from a diamond, it must be 
set securely and set to its best advantage ; it is better to leave this 
work to the expert. Our method of setting, finally adopted after 
many experiments, is the well-known brazing process. It is 
simple, quickly done, and is efficient. The friends for whom we 
do this work will bear out our statement that they are not troubled 
by diamonds becoming loose. A hole is drilled, the size and 
depth being determined by the size of the diamond, and the end 
of the holder is slit into quarters, after which the prongs thus 
formed are pressed on to the diamond. We have our own method 
of doing this, and even at this stage the diamond is held securely. 
The tool is then brazed. 

There are other ways of setting diamonds, such as by peening 
the stone in copper or mild steel rod. With this method care 
must be exercised, since a light tap on a diamond on the plane of 
cleavage will split it. There is also the cast steel setting. We do 
not approve of this, as the high temperature required to melt the 
metal has an injurious effect on the diamond. In another method 
of setting monel metal is used, but in either case casting is rather 
complicated and not especially satisfactory. 

The variety of work for which the diamond cutting tool is suit- 
able is not appreciated by manufacturers. If the use of diamands 
as emery wheel dressers be excepted, there is no application for 
diamonds as cutting tools in the average machine shop. There 
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remains, therefore, much to be said which should interest both 
the mechanic and the manufacturer—particularly the manufac- 
turer, because he is vitally interested in the problem of reducing 
production costs. If he can be convinced that by substituting a 
diamond cutting tool for a steel one, he can considerably reduce 
his operating expenses, he will soon appreciate the economies 
which diamond tools make possible. For machining bronze, and 
similar metals which are not brittle; and for performing various 
machining operations on hard rubber, fibre, compressed paper 
pulleys and gear blanks, strawboard, gutta-percha, bakelite, and 
various other composite substances now in commercial use, the 
diamond is especially suitable on account of its ability to retain 
its cutting edge when producing great quantities of duplicate parts 
without frequent attention or resetting. 

Work which has to have a uniform diameter over a considerable 
length, such as the brass sliding tube of a telescope or a hard 


Various types of diamond tools for wheel dressing. 














rubber typewriter roll, is successfully turned out by the use of 
diamonds and without the slightest perceptible variation in 
diameter occurring in tens of thousands of parts. Diamond 
tools may also eliminate some operations which must be performed 
when a steel tool is used for finishing. The surface produced on 
brass and bronze is comparable to a fine lapped finish, and, there- 
fore, eliminates the necessity for reaming, finish-boring, grinding, 
or lapping to obtain the desired surface. It will be seen that 
the variety of work to which the diamond tool can be applied is 
very extensive. Its use for machining iron and steel is not 
practical, however, as these metals are likely to cause the brittle 
diamond to crack or chip. 

The use of diamonds for turning long cylindrical parts, which 
must have a unform diameter throughout, has previously been 
referred to. In the case in point the brass sliding tubes of tele- 
scopes are often several feet in length, and when steel turning 
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tools are used considerable trouble is experienced in maintaining a 
uniform diameter throughout. Diamonds are also extensively 
used in the various turning and boring operations performed in 
the manufacture of hard rubber fountain pens, and it is stated that 
a single turning tool will give accurate results on this kind of 
work for months, turning out hundreds of thousands of these parts 
without affecting the cutting edge of the tool or without resetting 
the stones. Bowls and similar spherical articles made from gutta- 
percha fibre, or some form of moulded composition, are turned 
with diamond tools. In the manufacture of aluminium fans for 
automobile engines, diamond boring tools are used for finishing 
the interior of the taper bronze bushings with which these fans 
are furnished. This method of finishing was resorted to after 
other methods had proved inefficient. The work is now being 
finished without need of any subsequent operations to produce the 
desired degree of finish. Formerly an attempt was made to grind 
these bronze bushings, but the trouble experienced in charging the 
surface with abrasive resulted in this method being discontinued. 
The result obtained by the use of the diamond tool is comparable 
to that obtained by broaching or by burnishing or lapping, and 
uniform results are obtained with one tool for an indefinite time. 
The fan is located on a special plate which is attached to the face 
plate of a lathe. The cutting speed is 180ft. per minute, and 
a very slow feed is employed, the time required to finish-turn the 
bushing, including chucking the work, being 10 minutes. A 
new field for diamond tools has been found in the manufacture 
of radio apparatus. Many of the parts used in radio instruments 
can be machined to advantage with diamond tools. Undoubtedly 
diamond tools will be more widely applied as manufacturers 
become more familiar with their usefulness. 

The diamond tools of which I have just been speaking are 
shaped and polished by the same process as is employed in polish- 
ing a brilliant, but the diamond polisher must be specially trained 
for the work. Given good material and favourable working con- 
ditions, a good diamond tool should not chip, but only require 
polishing periodically. Chipping of diamond tools is usually due 
to one of the three following reasons :— 


1. Insecure mounting. 

2. Flaws in the diamond. 

3. The cutting edge of the diamond becoming dull, there- 
by requiring too much pressure in use ; the pieces of material 
being thus torn off, strain the cutting edge of the diamond. 


The modern application of the diamond mounted in rings or 
crowns for boring originated with M. J. Rudolph Lescot, a French 
engineer in 1862, and the system adopted by that gentleman has 
remained virtually unaltered. A circular tube of mild steel, in 
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which are inserted eight to sixteen or more diamonds, some on the 
outer edge, some the inner, others in a mid position, so that nothing 
but diamond comes into contact with the rock, is slowly propelled 
so that it sinks and a core occupies the centre. The drill is taken 
up from time to time, and tongs are sent down to grip the core, 
which, after being broken off at its base, is brought to the sur- 
face. The mystery of the strata below is thus solved. Diamond 
crown drills vary from 2in. to 24in. in external diameter. They 
are driven by powerful machinery to depths which range from 
sooft. for the smallest to over 2,oooft. for the largest, and they 
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Diamond turning tools. 


bore through all stratifications, cutting or grinding their way 
through granite, conglomerate, and the hardest rocks, in sinking 
shafts, in tunnelling and for other rock boring on land or under 
water. 

These vertical diamond drilled holes are frequently made to 
very considerable depths, there are several which exceed 4,oo00ft., 
and one made in search of coal at Schladeback, in Prussia, has 
been sunk 5,736ft., or the amazing depth of more than one mile. 
Truly there is nothing new under the sun. I have just mentioned 
the modern application of the diamond mounted in rings or crowns 
for boring, but there is little doubt that these applications of the 
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diamond as a tool are revivals, although frequently amplifications, 
of its similar use in the remote ages. The following particulars 
taken from a paper contributed by Professor W. M. Flinders 
Petrie to the Journal of the Anthropological Society, 1883, refer 
to the date 2400 B.c. :—‘‘ The principal result of the examination 
of these remains is the discovery that the stone cutting was per- 
formed by graving points far harder than the material to be cut, 
and that, as the stones operated upon were quartz, or mixtures 
containing quartz, the graving points must have been, therefore, 
of some jewel harder than quartz, since no metal, not even the 
hardest tempered steel, is capable of cutting quartz, apart from 
a mere bruising action. These cutting points are found to have 
been embedded in a basis of bronze, in order to hold them in the 
right position and to move them with the required force.”’ 
Professor Petrie considers it proved that the diamonds or other 
hard gems were mounted on the edges of saw blades, and that 
the holes and solid cores prove the use of numerous sizes of tube 
drills, and, almost as certainly that of the diamond itself. This 
last point has not as yet been positively determined, but both cores 
and holes all show irregular spiral markings and other character- 
istics which result from the use of the modern diamond tube drill. 


Diamond Dies. 


The making of diamond dies for steel wire drawing is a branch 
of work that requires a great deal of care. The rough diamonds 
are set into brass die holders and temporarily held by means of 
shellac, while a conical centre for the drawing hole is being cut. 
The diamond is then brazed in the die holder. The surface of 
the brass holder is then ground, to smooth off the brazing, so that 
the die will present a flat surface from which it may be located 
on the surface plate of a lathe while the drawing hole is being 
made. This ensures that the hole will be square with the face of 
the die holder.. The diamond die is centred on the face plate of 
a lathe, to which it is held by shellac. The tool used to produce 
the hole or channel is a common sewing needle, which is chucked 
in the end of a tool holder and supported in the tailstock. The 
needle is charged with a thin paste of diamond dust and oil, the 
diamond is revolved, a reciprocating movement being imparted 
to the tool holder, which moves the needle in and out of the hole 
in the die. A tapered hole, enlarged at both ends to a slight 
curve, is produced by this means, and the wire to be drawn is 
passed through from the large end of the hole. The diameter at 
the small end of the hole governs the finished size of the wire 
and must be held to within limits of o-oorin. of the required size. 
Many tons of wire can be drawn through these dies before any 
appreciable variation in size is noted. The anxiety of a poor 
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maker of these essentia! tools you may imagine when I relate my 
own experience. 

I was trying to interest one of the largest electric lamp manu- 
facturers in our dies. Before the purchase was effected they were 
examined in the laboratory, a microscope was called into use, and 
the infinitesimal hole was scrutinised, and in one instance the 
report was as follows :— 

The entrance not of good shape, the channel not sufficiently 
polished, and not perfectly cylindrical, the exit badly 
formed. 

I am indeed thankful that I am not personally engaged in 
producing work for so critical a judge. 

Many wrong impressions exist regarding the glazier’s diamond. 
I should like to give you a little information concerning this useful 




















A diamond form tool and the work produced. 


tool. Even authorities on diamonds have an incorrect idea of the 
cutting action of a glazier’s diamond. The late Sir William 
Crookes, in his book on diamonds, wrote as follows :—‘‘ The use 
of diamond in glass cutting, I need not dwell on. So hard is 
diamond in comparison to glass, that a suitable splinter of 
diamond will plane curls off a glass plate as a carpenter’s tool 
will plane shavings off a deal board.”’ 

A suitable splinter of diamond may plane curls off a glass 
plate, but the glass plate will not break where the incision has 
been made. A glazier’s diamond is a specially selected stone. 
preferably a perfect octahedron, which is carefully mounted so 
that when held at a certain angle, a smooth edge comes into contact 
with the glass, not you will note, the point alone of the diamond, 
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but a perfect smooth angle. This glides over the smooth surface 
of the glass, the weight of the hand lightly presses the diamond 
into the surface, the molecules are gently separated, and where 
this surface separation i$ made the glass will easily break. 

I was in a window glass factory the other day, and was 
astounded to see how lightly the diamond was skimmed over large 
sheets of glass. The mark made by the diamond was barely to 
be discerned on looking at the surface, but a bright line was seen 
on looking through the glass. Where this light contact had been 
made the glass was readily broken. The glazier’s diamond is 
not used for cutting all kinds.of glass; it would be useless for 
cutting glass with very rough surfaces, such as unworked optical 
glass for instance, but the diamond in another form will cut up 
this material. A thin disc of mild steel, about +yin. thick, is 
driven at a high speed, the periphery is charged with diamond 
dust or diamond splint, and the glass is sliced up to the size and 
shape needed. By the way, diamonds themselves are sawn up 
in like manner, if it is found more advantageous than cleaving. 
There is still another kind of diamond saw that is employed for 
sawing stone. An up-to-date stone yard has its power-driven 
diamond circular saw. In the outer circumference of the saw, 
in place of the teeth, sockets are inserted in which diamonds are 
embedded. The diamonds are arranged in the saw, some on the 
right hand, others on the left, the remainder in the centre, the 
diamonds alone coming into contact with the material being sawn. 
Marble, portland and othe: stone is thus cut with great rapidity 
and small loss of material. 

In the United States diamond dust is used to a much greater 
extent than in England, in the lapping of gauges and for the 
finish grinding of parts of small precision machine tools. The 
grades of diamond dust used for charging laps are designated by 
numbers, the fineness of the dust increasing with the numbers. 
The diamond, after being crushed to powder in a mortar, is 
thoroughly mixed with high grade olive oil. This mixture is 
allowed to stand five minutes, and then the oil is poured into 
another receptacle. The coarse sediment which is left is removed 
and labelled No. 0, according to one system. The oil poured 
from No. o is again stirred and allowed to stand ten minutes, 
after which it is poured into another receptacle and the sediment 
remaining is labelled No. 1. This operation is repeated until 
practically all of the dust has been recovered from the oil. The 
No. 0, or coarse diamond, which is obtained from the first settling 
is usually washed in henzine, and re-crushed, unless very coarse 
dust is required. This No. o grade is sometimes known as 
‘* ungraded ’’ dust. I am quoting now from an article in Engin- 
eering Production of April 21st, 1921 :—‘‘ It will naturally be 
asked, ‘ Why go to the trouble and expense of using diamond 
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wheels at all?’ The answer is, that it has been found quite 
impossible to do the finish internal grinding with emery or car- 
borundum wheels, to the high standard of accuracy set for the 
class of work referred to. The surface of a hole ground with 
a diamond wheel is as much superior to that produced by an 
emery wheel as ordinary fine grinding is to lathework. Bearings 
which have been run together long enough to show the character 
of the fit exhibit a contact which can only be compared to that of 
finely scraped surfaces, which in appearance resemble highly 
burnished steel—the effect being mirror-like.’? The article in 
question gives exhaustive particulars as to the making and charging 
of the laps. I could go on for a longer time than you would 
wish, in speaking of the varied uses to which the diamond in 
some form or other is used, but I must conclude. Mentioning 
the word time causes me to think of the watch. The diamond 
has pierced and shaped the jewels forming the bearings of the 
wheels, it has cut the glass of the case, shaped diamonds have 
turned the gold cases, and engine turned the back of the case. 
Our business brings us in touch with many of the greatest manu- 
facturing concerns of the world, but side by side with such 
accounts as these, are transactions with very useful and humble 
members of the community : the travelling tinker or china riveter, 
who asks to be furnished with a diamond for 1s. 6d., and is 
supplied. The china riveter slits the end of a wire nail, puts his 
diamond in the slot, presses the sides together, and then gets 
along with his work. It may hold in whilst many holes are 
drilled ; when it falls out, he resets it. A wire nail, a piece of 
umbrella rib, or a cone made out of a piece of tin, such are the 
mounts the china riveter favours. In the future, when diamonds 
are mentioned, do not merely regard them as the flashing gems 
that you love to, and persist in, showering upon your women 
folk. The diamond plays a worthy part in our industrial life. 
From tunnelling a mountain range, to mending a broken tea cup, 
it is ever at your service. 
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CUTTING SPEEDS. 


By C. CATLIN, or Messrs. ALFRED HERBERT, LTD., COVENTRY. 


To the production engineer the term ‘‘ cutting speed ” suggests the 
problem of making the best use of the high-speed steel available, and 
it is from this standpoint that the following paper has been prepared. 

Before commencing a consideration of speeds, the type of machine 
and tool to be used, the following facts must be known :— 

Cutting tools fall mainly into three groups: 

(1) Single tools as used on lathes or planing machines. 

(2) Multi-edged tools, such as milling cutters. 

(3) Drills. 

Taking the single tools, there are still a few variable factors 
which must be dealt with before cutting speeds can be fixed :— 

(1) The Machine upon which the Tool is to be Used.—The writer 
has seen many tests of cutting tools, and one fact is certain: that 
the best results cannot be obtained from a tool unless it is rigidly 
supported and the machine has ample power to take any cut used 
without faltering. If the support is not satisfactory vibration is set 
up, which inevitably leads to chipping of the cutting edge. If the 
power is inadequate to drive the cut, the varying speeds resulting 
will also cause the tool to chip. The nearer the test approaches to 
the limit of the tool’s endurance, the more do these two factors 
count; and if any comparative test of two or more tools is carried 
out near the limit of the machine’s pewer capacity, the results will 
be worthless. 

(2) The Next Variable is the Material being Cut.—Ordinary low 
carbon mild steel does not vary very much in hardness, but it is advis- 
able to get rid of the scale before commencing machining operations, 
particularly on bar material, as the scale is not only much harder 
than the steel, but, being on the outside diameter, it is running at 
the greatest cutting speed. Therefore it is not possible, unless the 
scale be removed, to run at anything approaching the maximum 
cutting speed the steel would otherwise stand. This scale can be 
easily removed by reeling the bar before delivery to the machine 
shop. 

When dealing with high tensile steels, however, considerable varia- 
tion in hardness is found even in one consignment of steel of the 
same quality, and unless this steel is specially ordered to a definite 
Brinell hardness the steel-maker will not accept responsibility for 
the variations. Under these circumstances steps should be taken to 
anneal or heat-treat the steel to a definite hardness before using, or 
it will be impossible to fix satisfactory cutting speeds for machining. 


Below are given a few details of the practice in handling these 
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high tensile steels at the works of Messrs. Alfred Herbert, Ltd., 
Coventry. 

A sample from each consignment is tested chemically, and, based 
on the analysis, the chemist fixes a suitable heat treatment, aiming, 
first, at correcting the crystalline structure of the steel, and, 
secondly, at tempering down to a uniform softness. After this tem- 

















Fig. 1.—Roller steady turning tool used on the hexagon turret lathe. 


pering operation each bar is tested for hardness on the Brinell 
machine, so that. all material delivered to the shop will be within 
the predetermined hardness range. 

A few examples of the Brinell range used for typical steels are 
given below :— 








Steel. Carbon Content. Brinell Range. | 
BR ccccses OrI5—0°20% 137—149 
NO. § ceccoes 0-4 —0'45% 17y—207 
DA sesenes o5 —0°55% 207—228 
HOS wccceqe 0-8 —o-85% 217—241 
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Assuming now that the steels are of a uniform hardness, a start 
can be made to fix cutting speeds. As a general guide to the 
operators of the turning department, the following speeds are recom- 
mended :— 

No. 1 steel, 150ft. per minute. 
No. 3 steel, goft. per minute. 
No. 5 steel, 8oft. per minute. 
No. 8 steel, 6oft. per minute. 


These speeds may seem rather slow, but as they are used as a 
general guide for turning any diameter, and any depth of cut, it is 
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Figs. 2 and 3. 


advisable to keep on the slow side, as the capacity of the tool to stand 
very high speeds varies somewhat with the diameter being turned. 
To illustrate this, two tests were recently carried out, one on 17in. 
diameter bar, and the second on a sample of similar steel 8}in. 
diameter. 

Test No. 1 was the production of a stud roin. long made from 
I7zin. diameter No. 1 steel reeled bar, reducing to #in. diameter 
at one cut. The Brinell hardness number was 143. The sample 
was machined on a No. 11 hexagon turret lathe, a machine of 2in. 
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maximum capacity, having sixteen speeds, ranging in geometrical 
progression from 13 to 750. A cutting speed of 15oft. per minute 
on the outside diameter gives 398 r.p.m. On the lathe the nearest 
available speed was 394, which results in a cutting speed of 148ft. 
per minute. The tool used was a standard roller steady turning 
tool, as shown in the illustration (fig. 1), being provided with a 
cutter of the standard knife tool shape, the cutting angles of which 
are indicated in fig. 2. 

A feed of 44 cuts per inch was used, and the tool at this speed 
and feed was removing 10-7 cubic in. of steel per minute. The 
machine and tool stood up well under these circumstances, and, as 
a new super-steel had to be tested, the machine was speeded up to 
750 r.p.m. This gave a cutting speed on the outside diameter of 
282ft. per minute, and using the same feed the metal removed was 
20:2 cubic in. per minute. This was well within the power capacity 
of the lathe; but near the limit for the tool, the cutting edge of 
which failed after turning ten samples. 

This test showed that the new super-steel tool was a really good 
one, and after regrinding it was tried out on the larger diameter 
sample, as shown in fig. 3. 








Figs. 4 and 5.—Kmife tools with damaged cutting edges. 


Test No. 2.—On attempting to run at the same cutting speed 
used on the first test the tool immediately collapsed ; in fact, it would 
not start cutting, and the speed had to be reduced to 95 r.p.m., 
which equals 211ft. per minute, before the tool would cut. Even 
then the feed had to be reduced to 110 cuts per inch before the 
tool would stand for any appreciable length of time. At this speed 
and feed the tool turned 25 samples before the cutting edge gave 
out, which gives a total length turned of 183in., and the volume of 
metal removed per minute comes out to nearly 6-95 cubic in. 

Analysing test No. 1 a little further it is found that whilst the 
outside diameter has a surface speed of 282ft. per minute, the point 
of the tool is only cutting at 160ft. per minute, which is equal to a 
reduction of 39 per cent., and gives a mean speed along the tool 
edge of 221ft. per minute. As the maximum speed is on the outside 
diameter only, a low temperature can be maintained by a liberal 
stream of cooling compound playing on the cutting point, the coolant 
used being 15: 1 of water and soluble oil. 

If the speed is too high on turning these comparatively small dia- 
meters, the failure takes the typical form as shown in fig. 4, where 
an arc is burnt out of the edge of the tool where it cuts the extreme 
outside diameter of the sample. 
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In the second test, on the large diameter, the cutting speed on 
the outside diameter is 211ft. per minute, and at the point of the 
tool is 196it. per minute, this being equal to a reduction of only 
7 per cent., so that in this case the tool is cutting at nearly the 
maximum speed along its whole length of contact. As the point of 
the tool is buried in the metal being cut, and out of reach of the 
direct supply of the coolant, on large diameter work it is generally 
the point of the tool which gives way first, as shown in fig. 5. 

It will be seen from the foregoing tests that it is pussible to cut 
at very much higher speeds on small diameters than on larger 
diameters of similar material. For general comparative purposes 
the mean speed is a better guide than the extreme speed taken from 
the outside diameter, 

The knife tool as used in the roller steady turning tool on the 
hexagon turret lathe is a very efficient cutter, and particulars are 
given in Tables ‘‘A,” ‘‘ B,’”’ and ‘‘C” of power tests carried out some 
time ago in the Alfred Herbert Experimental Department with a 
view to discovering the best combination of speed and feed for 
various reductions. 

















































































































TABLE “A,” 
No. 1 M.S. ' Feed. ins. Metal Removed 
Turns | Ft, per Cuts | Nett h.p. per min. cubic ins, 
_-- per min. per in. | used by 
: min. cut. Calcu- Per h.p. 
From | To lated. |Measured.| Per min. |Per min. 
Ins. Ins, 
2 1} 256 134 20 12°3 12°8 12 23°21 1°89 
2 14 322 169 20 19‘2 161 14 27°51 1°44 
2 1} 401 210 26 15°8 15°3 14% 27°51 1°74 
2 It 500 262 34 167 14°7 | 13¢ 25°84 1°55 
TABLE “B.” 
No. 1 M.S. Feed. ins. Metal Removed. 
Turns | Ft. per Cuts | Nett h.p. per min. cubic ins, 
——| per min. per in. | used by 
: min. cut. Calcu- Per h.p. 
From | To lated. |Measured.| Per min. |Per min. 
Ins. | Ins. 
1} + 322 148 44 91 7°3 7% 15°60 1°77 
1% $ 322 148 34 124 9°4 ot 20°43 1°65 
1} + 401 184 34 15°9 I1I'7 11% 25°13 1°58 
1} 4 500 229 34 19°3 14°7 | 13 30°37 1+58 
TABLE “Cc.” 
No. 1 M.S. Feed. ins. Metal Removed. 
Turns | Ft.per | Cuts | Netth.p. per min. cubic ins. 
—_——-—,-—|__ per min. per in. | used by 
min. cut. Calcu- Per h.p. 
From | To lated. |Measured.| Per min. |Per min. 
Ins. | Ins. 
1} 1+ 256 117 20 6°3 128 12} 7°81 1°24 
be | 1} 322 148 20 6°8 16-1 15¢ 9°89 1°45 
bE | 1} 401 184 20 8-4 20°0 185 12°04 1°43 
1? 1% 500 229 20 11-7 25°0 23¢ 15°23 1*30 


















































CUTTING SPEEDS 245 


These tests were made on a No, 2 hexagon turret lathe, a machine 
having a capacity of 24in., with sixteen speeds ranging in geometrical 
progression up to a maximum of 500 r.p.m. 

Very special arrangements were made to ascertain the exact power 
absorbed in the usual work done. 

In these tests a range of speeds were used, and with each speed 
the heaviest feed the tool would stand. It will be noticed that the 
best combination was a slow speed of 134ft. per minute and a heavy 
feed of 20 cuts per inch, giving a very high efficiency, as shown by 
the weight of metal removed per h.p. per minute. 

In the second test, Table ‘‘A,”’ the heavy feed could be used only 
by sacrificing efficiency. 

Upon reducing the feed and increasing the speed in the third test 
the efficiency again improved, only to fall again on the fourth test 
when the tool was working very near its limit for cutting speed. 

In the tests shown in Table ‘‘B”’ the first test of moderate speed 
and fine speed showed a very high efficiency, which dropped slightly 
upon increasing the feed, and still further upon again increasing the 
speed. 

For the very shallow cut taken in Table “‘C”’ the coarse feed of 
20 cuts per inch was maintained right through the test, and a 
maximum efficiency was obtained at from 150-185ft. per minute. 

From the experience gained in these tests the most suitable com- 
binations of speed and feed for turning mild steel bars are :— 














Depth of Cut. Cutting Speed. | Feed. Cuts 
Ft. per min. per in, 
Up to Bim... occ ccccee. | 200 20 
2, ME aoreeeses 200 30 
Te ae | 200 40 





The amount of metal removed per minute with the single tool cf 
the roller steady turning tool is remarkable. In the tests shown in 
Table ‘‘A,” with a cutting edge only jin. long in action, 27 cu. in. 
of metal were removed per minute. In the tests shown in Table “ B,” 
with a length of tool engagement of 3in., 30 cu. in. of metal were 
removed per minute. 

When dealing with larger diameters and heavy reductions it is 
impossible to use a very keen knife-edged tool, and the most 
economical results are obtained at very much slower speeds and 
heavier feeds. 

The following example of railway wheel lathe production forms 
an interesting comparison to the hexagon turret lathe tests. 

The wheel lathe used was a Noble & Lund heavy duty machine, 
shown in fig. 6, which was recently installed at the Cowlairs shops 
of the London and North-Eastern Railway. Seventeen pairs of 
waggon wheels are re-turned per day; the amount of metal to be 
removed varies according to the condition of the wheel, but generally 
averages from jin. to fin. in depth. The rough turning is done 
with a round-nosed tool shaped to fit the side of the wheel flange. 

The cutting speed is 30ft. per minute with a feed of in. per 
revolution, the section of the tool being 3in. x 2in. The tool stands 
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up remarkably well, and serves to machine about 80 pairs of wheels 
before it needs regrinding. This high production is made possible 
by the rigid construction of the bed and saddles, combined with 
ample power in the drive, and a firm holding device for the wheels. 
The metal removed averages 54 cu. in. per minute. 

In an endeavour to speed up another machine of different design 
an identical set of tools succeeded in turning only 4 pairs of wheels 
per day, as the vibration set up by the heavy duty quickly broke 
down the cutting edge of the tools, which had to be reground after 
every pair of wheels. 

It is advisable to work very close to the maximum speed capacity 
of the high-speed steel only when the tool is of simple form and 
cutting singly; then a life of 4 to 5 hours between grinds is 
reasonable. 

The limit of the single tool is therefore soon reached, and the 
production engineer who is looking for quick production times must 

















Fig. 6.—A heavy duty wheel lathe. 


consider multi-cutting, and the rapid growth of this practice has 
had a considerable influence on both machine and tool design. 

The machine must have a powerful drive and be stiffened up 
adequately to support the tools. Facilities for quickly and easily 
changing both feed and speed are necessary, as in multi-cutting the 
individual tools in a group start cutting at different times, and the 
speed and feed may require adjusting as each successive tool comes 
into operation. 

The cutting tools must be of the simplest form, and be carried 
in sturdy holders having the greatest possible range of adjustment, 
so that the standard tool holders wiil deal with any sample within 
the range of the machine. 

Given a machine of this description and a convenient outfit of 
tools, it is possible to have four, five, or even six. tools cutting simul- 
taneously. A good example of this is shown in the lay-out (fig. 7) 
for producing gear blanks on a No. 5 Herbert auto-lathe. 

The double boring tool starts first, and as this tool is working 
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Figs. 8 and 9.—Coventry milling 
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on the smallest diameter the spindle runs at a speed of 44 r.p.m, 
(52ft. per minute) and a feed of 16 cuts per in. After the boring 
tool travels 1}in., the turning tool for the outside diameter, carried 
in a holder from the combination tool, comes into action. The 
turning tool starting on an 8in. diameter would be cutting gaft. 
per minute if the speed were maintained. As this is above the 
capacity of the tool, the machine speed is automaticz'ly changed to 
21-8 r.p.m. (45ft. per minute), and the feed reduced to 27 cuts per 
inch. 

At the same time the cross slide tools are brought in for the rough 
facing and recessing, so that the six roughing tools are working 
simultaneously. 

In the roughing operation 32 cu. in. of metal are removed by the 
six tools in 44 minutes, and as the maximum speed of turning and 
facing tools is only 50 ft. per minute, all the tools are working well 
within their capacity. The combination tool is supported by 
a rigid overhead bar support carried on the headstock, and this 
support has made it possible to extend considerably the use of turret 
tools, as by damping out vibration it lengthens the life of the tools, 
and the support is so effective that diameters can be maintained to 
very close limits of accuracy. 

As the tool setting becomes more elaborate it is advisable to work 
well within the capacity of the tools, but this is not difficult, as 
generally only one tool works on the extreme diameter, and this 
tool sets the speed of the piece. The other tools of the group are 
therefore working below their limit, and stand up for a considerable 
time. Where one operator is attending to a group of four or six 
machines of the auto-lathe type, the limit of the tool life between 
grinds should not be less. than three to four days 

In auto and combination lathe production experience leads to 
these conclusions :— 

(1) Arrange for as many tools to be cutting simultaneously as the 
machine and sample will stand. Time spent on scheming a good 
tool lay-out is well worth while. 

(2) Keep speed and feed down to get a reasonably long life cf 
tools between grinds. 

(3) Keep the form of the actual cutter as simple as possible, so 
that it can be easily reground, and replaced when necessary, 

Machining Plane Surfaces.—In the machining of plane surfaces 
multi-cutting in the form of the milling cutter is rapidly invading 
the field of the planing machine. 

Where the heaviest work is done a comparatively slow speed with 
a heavy feed is found to. be the best combination. The design of 
the cutter, however, is of great importance. The early 
milling cutter was so inefficient that rapid cutting could only be 
done by brutally forcing the machine, with often disastrous results 
in the shape of broken gears and twisted arbors. 

Some interesting results were recently obtained in the experimental 
department of Messrs. Alfred Herbert, Ltd., in trying out a new 
design of high-power cylindrical cutter against the standard design 
generally used. Three series of tests were made; the first detailed 
in Table ‘‘D ” being taken with the standard cutter shown in fig. 8, 
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which has 25° spiral and radial teeth, but without the notches in 
the teeth. 
TABLE “D.” 














Metal Removed. 
Feed , 
Depth of cut. measured. Net h.p. Cubic ins. | Cubie ins. 
} per min. | per h.p. min. 
Ins. Ins. 
0-187 21°00 | 41°7 31°41 0°75 
0-187 16°75 | 32°5 25°05 0°76 
0°375 9°10 | 36°7 | 27°30 0°74 
0°375 7°06 | 2Q°1 21-18 0°72 
0*500 5°75 | 33°9 | 23°00 0°67 
0°500 4°75 27°9 | 19°00 0°68 
0°625 3°75 } 26°7 18°75 0°70 
0°750 3°75 | 36°7 | 22°50 v'61 | 
1-000 2°50 } 36°7 20°00 0°54 














The maximum efficiency, as indicated by the cu. in. per h.p. 
minute, was on the very shallow cuts, and it dropped steadily as 
the depth of the cut was increased. 

The second series was taken with the same cutter after grinding 
10° top rake on the teeth, and the results are shown in Table ‘ E.”’ 


TABLE “E.” 














| 

| Metal Removed. 

| Feed 7 — 

Depth of cut. | measured. Net h.p. Cubic ins. Cubic ins. 
| per min. per h.p. min. 
Ins. Ir: 

0°187 21°25 407 | 31°79 0-75 
0-187 17°00 340s | 25°43 0°74 
0°375 | 9°06 34°0 27°18 o-So 
0°375 7°12 27°2 | 21°36 o78 
0*500 6°00 29°7 | 24°00 0°80 
0°500 4°87 25°0 | 19°48 0°77 
0-625 3°87 255 | 19°35 0-75 
0-750 3°75 27:8 22°50 0:80 
1'000 | 2°62 26°7 20°96 0-78 

H 

















Although there is little difference in the shallow cuts, marked 
improvement will be noticed in the deeper cuts, amounting to a 
44 per cent. increase of efficiency in the 1in. deep cut. 

The third series was taken with the new design of cutter, with 
35° spiral angle and 10° top rake, as shown in fig. 9, and the 
results are shown in Table ‘ F.” 


TABLE “F.” 





























| 
a | Metal Removed. 
, “eec Tos oer 
Depth of cut. measured. | Net h.p. Cubic ins. Cubic ins. 
per min. per h.p. min. 

Ins. Ins. | 
0°187 21°50 | 36°7 32°16 0°87 
0187 17°75 | 31°4 26°55 0°84 
0°375 9°50 32°8 28-50 0-86 
0° 375 | 7°50 | 27°9 22°50 0:80 
0-500 6-25 | 312 25°00 0-80 
0500 500 | 24°2 | 20°00 o82 
0625 4°06 24°2 | 20°30 0-53 
0-750 4°00 | 30°3 24°00 0°79 
1-000 2°75 27°7 22°00 0-80 
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The increased efficiency in shallow cuts is very marked, and is 
well maintained all through the test. 

The whole of these tests were made on a No. 22 norizontal mill 
on the same steel block, which was 8in. wide and of 35 tons per 
sq. in. maximum stress. The cutting speed used in all cases was 
75ft. per minute, 

A milling cutter of this size should not be seriously taxed by 
removing metal at this rate, as it has eight teeth, each with a 
cutting edge approximately 11in. long. Comparing this with a knife 
tool in a roller steady turner which can, with a cutting edge of 
only 3in.-1in. long, remove practically as much metal, the milling 
cutter even on its heaviest work is not working near the maximum 
capacity of the high speed steel of which it is made. 


Drilling and Boring. 


Drills are necessarily inefficient as cutting tools, as (1) the cutting 
speed varies from its maximum at the outside corners to zero at 

















Figs. 10, 11 and 12.—(Left) Drill with negative rake at point. (Centre) 
Flukes of unequal depth, correctly point thinned. (Right) Drill with 
point correctly thinned. 


the centre, (2) in twist drills the top rake varies from about 20° at 
the outside diameter to zero at the centre at the best, and if the 
grinding is not carefully carried out more or less negative rake will 
be left near the centre; (3) as the drill point cuts its way into the 
metal the heat generated cannot be dissipated. 

Point thinning has such an important effect on the efficiency of 
the drill that it deserves more careful attention than it receives, in 
many factories drill points similar to those shown in fig. 10 being 
quite common. 

Drills wit thick points are liable to split up the centre under a 
heavy feed, and, by throwing a very heavy strain on the feed 
mechanism of the machine, are largely responsible for the frequency 
with which drilling machines appear in the repair department. 

The essentials to be watched are (1) the point must be as thin 
as possible to minimise end pressure, the maximum thickness being 
not more than ygin. for large drills of 3in. to gin. diameter, grading 
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down to about zyin. at in. diameter. (2) The point must be central 
with the outside diameter, as the milling of the flute of the com- 
mercial twist drill is sometimes as much as yin. deeper at one 
side than the other, as in fig. 11, which shows the effect of correct 
point thinning on a drill having unequal depths of flute. (3) The 
top rake of the drilling edge should be carried as near to the centre 
as possible, and not be allowed to drift into negative rake, as shown 
in fig. 10, neither should the keen rake be carried too deep near 
the centre, or the point will be weak and liable to chip. 

A drill with a point correctly thinned down, as shown in fig. 12, 
is capable of taking heavy cuts without danger of splitting, and 
with a minimum power consumption. 

With a correctly sharpened drill working on a modern sensitive 
drilling machine small diameter holes of shallow depth can be drilled 
very rapidly. The following particulars are taken of an actual test 
on a ball bearing sensitive drill fitted with automatic feed :— 
































Cast Iron. Mild Steel. 
Time to Time to 
Diam. of | Speed of | drill rin. | Rate in Diam. of | Speed of | drill rin, Rate in 
rill, drill. deep in ins. per drill. drill. deep in ins. per 
r.p.m secs. | min. |} 4T.p.m, secs. min. 
} 2,050 1k | 50 } 2,050 23 25 
fh 1,370 14 | 40 te 2,050 2% 25 
2 g00 2 | 30 2 900 3% 173 
% 900 2 | 30 3 goo 3% 164 
4 900 2 30 4 | 900 4 15 
f& 600 24 24 tr 900 5 12 
Py 600 2} 24 g | 900 53 ro} 
th 600 24 24 4 } 900 5¢ ro} 
; 600 3 20 2 900 6 10 
ii 600 3 | 20 # } 900 7 8} 
i 600 4 | 15 i 900 | 7k 8} 
| | 








It is essential in small hole drilling to run fast enough or the 
drills are easily broken. If small holes round about jin. diameter 
have to be drilled in a large drilling machine having only slow speeds 
a drill speeder should be used, an example of which is shown in 
fig. 13. This gives a speed increase of 5-166 to 1, and makes the 
drilling of small holes, even on a large radial drill, an easy matter. 

On drilling larger diameter holes, and particularly of great depth. 
two difficulties have to be contended with: (1) the heat generated, 
and (2) the getting rid of the cuttings produced, which render very 
tast speeds and feeds impossible. The heat can be kept down 
tairly well by using oil supply drills, but oil supply twist drills are 
not only expensive but not very efficient, owing to the small dia- 
meter of the tubes. An improved drill for deep hole drilling is 
shown in fig. 14. 

‘The loose bit is milled as a twist drill, but is made of better 
material, and can be efficiently hardened. The shank is of mild 
steel case-hardened, with two large straight oil tubes running along 
the outside, the fitting of which is simple, as the flutes are straight. 
‘The straight flutes also allow the chips to come away easily, and 
holes can be drilled up to 2ft. to 3ft. deep without withdrawing the 
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drill. ‘The following are a few typical samples of horizontal drill- 
ing on turret lathes using this type of drill. 








Dia. and length Material drilled. Speed, r.p.m. Feed cuts Feed. ins. per | 





of drill. per in. min. 

fin. X 24in. o 5 Car Steel 200 156 1:28 
riin. x 7in. Mild Steel 200 45 4°0 
2 yin. X 20in. o'5 Car Steel 170 110 155 


32in. x 26in. o-5 Car Steel | 95 108 0°88 




















Fig. 13—The Coventry drill speeder. 


Speed and Finish. 


in heavy turning with unsupported tools, feed marks cannot be 
avoided, but where accuracy as well as finish is required, a grind- 
ing operation after turning is essential, so that the light finishing cuts 
sometimes taken to produce a smooth finish are neither necessary 
nor desirable. 
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Where accuracy nearer than o.oos5in. is not necessary the finish 
obtained from a roller steady turning tool is good enough for most 
commercial purposes. ‘The burnished finish is due to the pressure 
of the roller steadies on the work, as the steadies take the reaction 
of the cut, and, generally speaking, the faster and heavier the cut 
the smoother is the finish obtained. 

‘Lhis rather artificial method of obtaining a smooth finish is re- 
stricted to parallel work by the roller steady turner. Where a good 
finish is necessary from the tool itself, much slower speeds and finer 
feeds are essential, i.e., in screwing, tapping, and forming. 

‘The majority of screw threads are now produced by dies carried in 
a self-opening diehead, such as, for example, the Coventry Diehead. 

Four dies are used, and the cutting edges of these dies must be 
ground so that each die does its share of the work. The cutting 




















Fig. 14.—The Coventry patent straight flute drill. 


angles must also be ground to suit the material being cut before 
placing them in the diehead on the machine. This result is ensured 
by grinding the four dies together in a fixture, shown in fig. 15, 
which so locates the dies that in one operation the cutting edges are 
ground correctly. 

A good finish can be obtained in one cut at a cutting speed of 
30-40ft. per minute in screwing the free cutting mild steel used in 
common screw production, but this speed must be reduced to 1o-15ft. 
per minute before a satisfactory finish can be obtained on. better 
quality steel, while for high tensile steels it may be necessary to 
drop the speed as low as sft. per minute, and take a light finishing 
cut before a smooth thread can be obtained. 

Very high speeds can be used in screwing brass and copper, and 
with dies of correct design a good finish can be obtained at the 
same speeds that are used for turning. 
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Fig. 15.—Standard grinding fixture for Coventry dies in use on a 
bench grinding machine. 
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on-Trent. 

Storer, B., Messrs. Ransome & Marles Bearing Co., Ltd., Newark-on- 
Trent. 

Stuchbery, A. L., 37, Glebe Road, Hornsey, N.8. 

Sutcliffe, W. H., Messrs. Ransome & Marles Bearing Co., Ltd., 
Newark-on-Trent. 

Thacker, G. A., 92, Churchill Avenue, Foleshill, Coventry. 

Wilford, J. P., 78, Harcourt Street, Newark-on-Trent. 


Associates. 


Banyard, C., 65, Abbott Street, Doncaster. 

Beauchamp, A. E., “‘ Beverley,’’ Upper Hughenden Road, High 
Wycombe. 

King, G. T., Messrs. Ransome & Marles Bearing Co., Ltd., Newark- 
on-Trent. 

Waudby, R., 35, Broomhall Place, Broomhall Park, Sheffield. 


Graduates. 
Bushnell, B. F., 38, Block L, Sutton Estate, Chelsea, S.W.3. 
Chapman, A. A., 34, Monks Road, Coventry. 
Hanman, J. L., Eastgate, Gloucester. 
Montgomery, G. A. J., 17, Chandos Road, Causeway, Staines. 
Nash, F. J., Clock House, Shackleford, near Godalming, Surrey. 
Patrick, C. C., Messrs. Aster Engineering Co., Ltd., Wembley, 

Middlesex. 

Rogers, A. T., 18, Templemore Avenue, Ballymacarrett, Belfast. 


Affiliated Firm. 
Messrs. Alfred Herbert, Ltd., Coventry. 


Honorary Member. 
Sir Alfred Herbert, Dunley Manor, Whitchurch, Hants. 
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OBJECTS AND RULES 


(I.) OBJECTS. 


The objects for which the Institution is established are :— 


(a) To promote the science and practice and raise the status of 
engineering as applied to production; and to initiate and carry 
through any scheme or to organise any movement likely to be useful 
to the members of the Institution and to the community at large 
in relation thereto. 


(b) To hold meetings of the Institution for reading and discussing 
communications bearing upon engineering as applied to the matters 
enumerated in paragraph (a), or the application thereof, or upon 
subjects relating thereto. 


(c) To enable engineers to correspond, and to facilitate the inter- 
change of ideas respecting improvements in the various branches 
of the practice of engineering as applied to production, and the 
publication and communication of information on such subjects to 
the members. 


(dz) To establish scholarships, organise lectures, hold examina- 
tions, to grant premiums and prizes for papers and essays, and by 
any other similar means to enlarge the knowledge and improve the 
practice of engineering as applied to production. 


(e) To establish, undertake, superintend, administer, and con- 
tribute to any charitable or benevolent fund from which may be 
made donations or advances to persons at any time employed by the 
Institution, or who are or may have been engaged in engineering 
work and are not members of the Institution. 


(f) To establish, subsidise, promote, co-operate with, receive into 
union, become a member of, act as or appoint trustees, agents, or 
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delegates for, control, manage, superintend, lend monetary assist- 
ance to, or otherwise assist any associations and institutions incor- 
porated or not incorporated with objects altogether or in part simi- 
lar to those of the Institution, and which may prohibit the pay- 
ment of dividend or profit to its members at least to as great an 
extent as such payment is prohibited to the members of the 
Institution. 


(g) To establish, form, and maintain a library and collection 
of models, designs, drawings, and other articles of interest in con- 
nection with the development and improvement of production. 


(hk) To encourage the settlement of disputes by arbitration, and 
to act as or nominate arbitrators and umpires on such terms and 
in such cases as may seem expedient. 


(?) Generally to protect the interests of engineers, and especially 
engineers engaged in production~ work (including design and 
advice). 


(7) Yo alter or enlarge the above objects or any of them as 
may from time to time be found necessary and expedient, having 
regard to the progress of the Institution. 


(II.) RULES. 


MEMBERSHIP. 


1. The Institution shall consist of Honorary Members, Ordinary 
Members, Associate Members, Graduates, Associates, Affiliates, 


cc 


and all of whom are included in the term membership ” and 


members. 


2. No honorary member, associate member, graduate or asso- 
ciate, or affiliate, shall, by reason of being legally a member of 
the Institution, be entitled to any privileges other than those which 
by these rules attach to the specific class of members of the Institu- 
tion to which he belongs, and wherever the term ‘‘ member ” is 
hereinafter used without qualification, it shall be taken to mean 
ordinary member, and exclude honorary members, associate 
members, graduates, associates, and affiliates. 
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3. The Institution may admit such other person as may be here- 
after qualified and elected in that behalf as honorary members, 
ordinary members, associate members, graduates, associates, 
and affiliates, respectively, but such persons shall sign such form 
of application as may from time to time be authorised by the 
Council. 


4. The rights and privileges of every honorary member, ordinary 
member, associate member, graduate, associate, and affiliate shall 
be personal to himself, and shall not be transferable or trans- 
missable by his own act or by operation of law. 


ABBREVIATED TITLES. 


5. The abbreviated distinctive titles to indicate the connection 
with the institution of Honorary Members, Ordinary Members, 
Associate Members and Associates shall be as _ follows :— 
For an Honorary Member, Hon.M.I.P.E.; for an Ordinary 
Member, M.I.P.E.; for an Associate Member, A.M.I.P.E.; for 
an Associate, A.I.P.E. 


Such abbreviations shall not be used by any member who has 
resigned. or been removed from the Institution, nor may they at 
any time be used upon any shop front, facia, or sign. If used 
upon door or wall plates or similar places, the abbreviations shali 
not exceed r4in. in height. 


CERTIFICATES. 


6. Subject to such regulations as the Council may from time to 
time prescribe, the Council may issue to any Ordinary Member or 
Associate Member a certificate showing the class to which he be 
longs. Every such certificate shall be according to the form which 
may from time to time be approved by the Council, and shall 
remain the property of, and shall on demand be returned to, the 
Institution. 
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QUALIFICATIONS FOR MEMBERSHIP. 


ORDINARY MEMBERS. 


+. Candidates for membership as Ordinary Members must be 
persons not under twenty-five years of age, and must produce evi- 
dence to the satisfaction of the Council that they :— 


(2) Have received a good general education and scientific 
or engineering training, and 

(b) Have for a sufficient period held an important position 
of independent responsibility in the practice of engineering 
production. 


(c) Or are, by their attainments, deemed by the Council 
to be eligible for membership. 


ASSOCIATE MEMBERS. 


8. Candidates for admission as Associate Members must be 
persons not under twenty-three years of age, and must produce 
evidence to the satisfaction of the Council that they :— 


(a) Have received a good general education, and 


(6) Have been trained as engineers and have for not less 
than two years been employed in the practice and science of 
engineering as applied to production, and shall be actually 
engaged in the work of such engineering at the time of their 
application for election. 


(c) Or are considered by the Council to be qualified for 
election. 


They may be transferred at the discretion of the Council to the 
class of Members. 


GRADUATES. 


9. Graduates shall be persons, not under eighteen years of age, 
who can show evidence that they are receiving practical training 
in engineering production, or who otherwise satisfy the Council 
that there are special circumstances which, in the opinion of the 
Council, entitle them to admission. 
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Graduates may not continue as such if they cease to follow such 
professional calling in production engineering, not in any case 
beyond the age of twenty-five. They may, however, on reaching 
this age be transferred, at the discretion of the Council, to the 
class of Associates. 


ASSOCIATES. 


10. Candidates tor admission as Associates must be persons, not 
under twenty-five years of age, who, not having the necessary 
qualifications for Associate Membership or Ordinary Membership, 
are or have been connected with design, tool design, research 
experiment, or organisation for production, and by reasons of their 
attainments in science or directive ability in manufacture, or works 
control, have interests in common with production engineering, 
and are, therefore, deemed by the Council worthy of Associate 
ship. 


At the discretion of the Council, they may be transferred, 
should they become eligible, to the class of Associate Members or 
Members. 


AFFILIATES. 


11. An Affiliated Firm shall be a firm, company, or individual 
interested in engineering as applied to production, or otherwise 
interested in the objects of the Institution. 


An Affiliated Firm shall be entitled to nominate one member 
of their staff as an Affiliate for each payment of five pounds per 
annum to the funds of the Institution, provided always that such 
Affiliate shall be approved by the Council of the Institution. An 
Affiliate shall be entitled to attend all meetings in London and 
the provinces, the Summer Visit, and all visits to works, to receive 
the ‘‘ Proceedings ” and all other publications, to use the library, 
and to all other privileges of membership except that of voting 
and the use after his name of the authorised abbreviations of the 
Institution as set out in Article 5. 


An Affiliate shall not be required to pay an entrance fee. 


Honorary MEMBERS. 


12. The Council shall have the power to elect as Honorary 
Members persons who, by reason of their past services to produc 
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tion engineering, or by other eminent qualifications, are, in the 
opinion of the Council, eligible for that position. 


ELECTION OF MEMBERS. 


13. Elections shall take place as often as may be desirable, and 
they shall be made by the Council. 


14. An application for admission to the Institution shall be 
made according to rules laid down by the Council and on forms 
to be approved by the Council; such rules or forms to be varied 
at the discretion of the Council. 


15. The Secretary shall forward to each Candidate whose ap- 
plication has been considered and approved by the Council a 
notification of his election on such form as may be approved by 
the Council, but the applicant’s name shall not be added to the 
register of the Institution until the entrance fee and first annual 
subscription shall have been paid. Failure to comply with this 
article within three months will nullify the election of the can- 
didate. 


16. In the case of non-election, no mention thereof shall be 
made in the minutes, nor any notice given to the unsuccessful 
candidate. 


TRANSFERS. 


17. Any member lower than the class of Ordinary Member, or 
any Graduate, desirous of being transferred to a higher class, 
shall forward to the Secretary a recommendation according to 
the rules laid down by the Council. Such recommendation shall 
be laid before the Council, at their next meeting, for considera- 
tion, and, if approved, the Secretary shall forward to the appli- 
cant a notice of his transfer, on such form as may be approved 
by the Council. The transfer will be completed upon payment 
of any difference there may be in subscription. 


18. In the case of non-transference, no mention thereof shall 
be made in the minutes, nor any notice given to the unsuccessful 
applicant. 
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RESIGNATION AND EXPULSION. 


1g. Any Ordinary Member, Associate Member, Graduate, Asso- 
ciate or Affiliate notifying the Secretary, in writing, that he is 
desirous of withdrawing from the Institution, shall, after the 
payment of all arrears, if any, then due by him, cease to be 
included in the membership of the Institution, and his name shall 
be removed forthwith by the Institution from its register. 


20. If any Member, Associate Member, Graduate, Associate, 
or Affiliate, shall leave his subscription in arrear from one year, 
and shall fail to pay such arrears within three months, after a 
written application has been sent to him by the Secretary to 
his last known address, his name may be struck off the register 
by the Council at any time afterwards, and he shall thereupon 
cease to have any right as a Member, Associate Member, Graduate, 
Associate, or Affiliate, but he shall nevertheless continue liable to 
pay the arrears of subscription due at the time of his name 
being struck off; provided always that this article shall not be 
construed to compel the Council to remove any name if they 
shall be satisfied the same ought to be retained. 


21. The Council may by a majority of the whole of the Coun- 
cillors refuse to continue to receive subscriptions of any Member, 
Associate Member, Graduate, Associate, or Affiliate, and may 
remove his name from the register without assigning any reason 
for so doing, and he shall thereupon cease to be an Ordinary 
Member, Associate Member, Graduate, Associate, or Affiliate. 


ENTRANCE FEES AND SUBSCRIPTIONS. 


22. Each Ordinary Member shall pay an annual subscription 
of £2 Ios. 


23. Each Associate Member shall pay an annual subscription 
of £2. 

24. Each Graduate shall pay an annual subscription of £1. 

25. Each Associate shall pay an annual subscription of £2. 


26. Each Affiliate shall pay an annual subscription of £5 
per nomination. (See Article 11.) 
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27. All subscriptions shall be payable in advance, and shall 
become due on the 15th day of July in each year. 


28. In the case of Ordinary Members, Associate Members, 
Graduates, Associates, and Affiliates, elected in the last three 
months of any year, the first subscription shall cover the year of 
election and the succeeding year. 


29. Any Ordinary Member, Associate Member, or Associate, 
whose subscription is not then in arrears, may compound for the 
then current year and all future years by the payment of 25 
guineas or such other amount as may be approved by the Council. 


30. Every new Ordinary Member, Associate Member, Graduate, 
Associate, or Affiliate, may be required to pay an entrance fee 
on admission to the Institution, the amount of which shall be 
determined by the Council from time to time; but no payment, 
other than the increased annual subscription, shall be due on 
transference from one class to another. 


31. Everyone admitted to the Institution, whether as Ordinary 
Member, Associate Member, Graduate, Associate, or Affiliate, 
shall be considered as belonging thereto, and as such liable to 
the payment of his annual subscriptions and other payments, until 
his name shall have been removed by the Institution from its 
register. 


32. No Ordinary Member, Associate Member, Graduate, Asso- 
ciate, or Affiliate, whose contribution is six months in arrear shall 
be entitled to attend or take part in the meetings of the Insti- 
tution, nor to receive the Institution printed papers, nor shall 
any such Ordinary Member, Associate Member, or Associate be 
entitled to vote. Any Ordinary Member, Associate Member, 
Graduate, Associate, or Affiliate, whose contribution is fifteen 
months in arrear, shall be deemed to have forfeited his claim to 
all privileges of the Institution, and his name may be removed 
from the register by order of the Council, but he shall neverthe- 
less continue liable to pay the arrears of subscription due at the 
time of his name being so removed, provided always that this 
article shall not be construed to compel the Council to remove 
any name, if they be satisfied that the same should be retained. 
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33- The Council may at their discretion reduce or remit the 
annual subscription or the arrears of the annual subscription of 
any Ordinary Member, Associate Member, Graduate, Associate, 
or Affiliate. 


COUNCIL. CONSTITUTION AND ELECTION OF. 


34. The Council of the Institution shall be chosen from the 
Members only, and shall consist of one President, not more than 
six Vice-Presidents, twenty-one Ordinary Members of Council, 
not more than four Past-Presidents, and not more than three 
Past-Vice-Presidents, and the Chairman of every local Section 
of the Institution constituted in accordance with the Articles of 
Association who has become ex-officio a member of Council (plus 
such other members as the Local Section has become entitled 
under Article 66). 


The Council of the Institution shall have power from time to 
time, if, in their opinion, it is desirable to do so, to co-opt as 
additional members of the Council not more than three persons, 
who shall be nominated by any other Society, Corporation, 01 
Body which shall have kindred interests with or further or assist 
the objects of the Institution. Such additional members shal! 
hold office for such period and on such terms as may be agreed 
upon by the Council and the nominating body. 


35. The President, not less than half the Vice-Presidents, and 
seven Ordinary Members of Council, shall retire at each Annual 
General Meeting, but shall be eligible for re-election, but no 
President shall hold office longer than two years without a break. 


36. The Vice-Presidents and Ordinary Members of Council to 
retire each year shall, unless the Council agree otherwise among 
themselves, be chosen from those who have been longest in office, 
and in cases of equal seniorjty shall be determined by ballot 


37. The Past-Presidents, the Past-Vice-Presidents to serve 
upon the Council shall be appointed annually by the Council. 
They shall retire at each Annual General Meeting, but shall be 
eligible for re-appointment. 


38. All Vice-Presidents who have served as such for a total 
number of eight years shall at the next following Annual General 


i 
a 
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Meeting cease to be Vice-Presidents, and shall become Past-Vice- 
Presidents, and other Vice-Presidents who have so served for a 
total number of six years may be appointed by the Council to 
be Past-Vice-Presidents, and shall on being so appointed cease 


to be Vice- Presidents. 


39. The Council may supply any casual vacancy in the Council 
(including any casual vacancy in the office of President) which 
shall occur between one Annual General Meeting and another : 
and the President, Vice-Presidents, or Members of Council so 
appointed by the Council shall retire at the succeeding Annual 
General Meeting. Vacancies not filled up at any such meeting 
shall be deemed to be casual vacancies within the meaning of 
this Article. 

40. Candidates for election as Councillors shall be nominated in 
writing at or before the General Meeting preceding the Annual 
General Meeting, when the Council shall present a list of their 
retiring members who are eligible, and willing to be re-elected. 
Any Ordinary Member or Associate Member shall be entitled to 
nominate candidates. ‘The names, business and private addresses, 
occupations, and honorary titles of the candidates, together with 
the other Institutions to which they belong, shall be printed on a 
ballot list which shall be forwarded to the Ordinary Members 
and Associate Members at least seven days previous to the ballot 
being taken. The names of those elected to fill the offices of Presi- 
dent and Vice-President and the names of the Chairman and of the 
Members of the Committees of the local centres elected by those 
Committees to represent them on the Council shall not be subject 
to ballot; but the names, addresses, titles, etc., of those so 
elected, together with the names of the non-retiring Councillors, 
shall be sent to the members with the ballot list. An Ordinary 
Member or Associate Member voting against a candidate shall 
strike out the name in accordance with the instructions on the 
ballot paper, as may be determined by the Council from time 
to time. Only those votes shall be effective which are recorded 
on lists reaching the Secretary by the specified date. 


41. Candidates for the offices of President and Vice-President 
shall be nominated in writing by a Member of Council before the 
Council Meeting prior to that at which the election of President 
and Vice-Presidents takes place. They shall be elected by the 
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Council at a meeting held prior to the date of the Annual General 
Meeting, and shall hold office for a period of one year from 
the first Ordinary General Meeting of the Session following 
their election. 


42. The first Council of the Institution shall consist of such 
as shall consent to act; the President and Councillors shall, save 
for resignation, hold office until the Annual General Meeting held 
in 1922. The Council so constituted may co-opt additional! 
Councillors, provided that the number of the Council does 
not exceed that prescribed. Vacancies occurring between the 
one Annual General Meeting and the next may be filled by the 
Council. 


PROCEEDINGS, POWERS, AND DUTIES OF THE 
COUNCIL. 


43. The Council shall direct and manage the property and 
affairs of the Institution, and may regulate their own procedure, 
except that not less than five Councillors shall form a quorum. 
The Council may exercise all such powers of the Institution 
as might be exercised in General Meeting and the time being in 
force required, or by the Articles required or expressly directed 
to be exercised, or expressly declared to be exercisable by the 
Institution in General Meeting or with all the members of the 
Institution shall be bound by the acts and decisions of the 
Council subject nevertheless to any regulations of these Rules 
and to such regulations as may be prescribed by the Institution 
in General Meeting shall invalidate any prior Act of the Council 
which would have been valid if such regulation had not been 
made. Provided that the Council may with, but not without, 
the authority of a resolution of the Ordinary Members, Associate 
Members, and Associates in General meeting, borrow moneys for 
the purposes of the Institution on the Security of the property 
of the Institution or other available security, or otherwise, at 
their discretion. 


44. The Council shall have power to consider and decide all 
matters not provided for by the Rules. 


45. The Council shall at all times cause to be kept, in appro- 
priate books, proper and sufficient accounts of the capital, funds, 
receipts, and expenditure of the Institution. The financial year 

T * 
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of the Institution shall end on the 15th July in each year; and 
a statement of the funds of the Institution and of the receipts 
and expenditure ‘during such financial year shall be made, under 
the direction of the Council, each year, and after having been 
verified and signed by the auditors and approved by the Council 
shall be laid before the Annual General Meeting of the year 
following. 


46. The Council may appoint Committees chosen from their 
own body, and Committees for special purposes consisting of 
members of the Council and Ordinary Members, Associate 
Members, Associates, and Affiliates of the Institution, and others, 
with such powers as the Council may prescribe. In the absence 
of the President, the Council or Committee shall elect a Chairman 
from among those present. 


47. The President shall, ex-officio, be a member of all Com- 
mittees of Council. 


48. he Council, when they may consider it expedient to pro- 
pose the enactment of any new Article, or the alteration or repeal 
of any existing one, shall summon the necessary Special General 
Meeting of Ordinary Members and Associate Members to decide 
the same; and the Council are at all times bound to summon 
such a Special General Meeting on a requisition, in writing, of 
ten per cent. but not less than fifty Ordinary Members, Associate 
Members, or Associates, specifying the particular new Article, 
or the alteration of an existing one, which they recommend. 


49. It shall be the duty of the Council to adopt all due means 
for the advancement of the Institution; to provide for properly 
conducting its business in all cases of emergency; and to arrange 
for the publication, in such a way as they may deem desirable, 
of the papers read at meetings of the Institution, and discussions 
thereon, and of such documents as may be calculated to advance 
Production Engineering knowledge. 


50. No act done by the Council, whether alira vires of the 
Council or not, which shall have received the express or implied 
sanction of the Ordinary Members and Associate Members and 
Associates in General Meeting, shall be afterwards impeached 
by any person included in the membership of the Institution on 
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any ground whatever, but shall be deemed to be an act of the 
Institution, provided that, though wltra vires of the Council, it 
be within the powers of the Institution. 


APPOINTMENT AND DUTIES OF OFFICERS. 


51. The Treasurer of the Institution shall be appointed as and 
when a vacancy occurs by the Council, shall be removable by the 
Council upon one month’s notice from any day, but in the 
case of serious negligence may be dismissed without notice. The 
Treasurer shall give one month’s notice in the event of his wishing 
to resign. 


52. The Treasurer shall hold and be responsible for the unin- 
vested funds of the Institution; shall keep all the accounts 
necessary and proper for the purposes of the Institution; shall 
from time to time submit financial statements at the request of the 
Council; and shall pay all moneys into Bank, approved by the 
Council, upon receipt. 


SECRETARY. 


53- The Secretary of the Institution shall be appointed by the 
Council. 


54. It shall be the duty of the Secretary, in person or by deputy, 
under the direction of the Council, to conduct the correspondence 
of the Institution ; attend all meetings of the Institution and of 
the Council; take minutes of the proceedings of such meetings ; 
to superintend the publication of such papers as the Council may 
direct ; to have charge of the Library ; and to conduct the collec- 
tion of all subscriptions. He shall also engage and be responsible 
for all persons employed under him. He shall conduct the 
ordinary business of the Institution in accordance with these Rules 
and the direction of the President and Council. 


AUDITORS. 


55. The Auditors shall be elected annually by the Annual 
General Meeting, and shall be eligible for re-election on the expi- 
ration of their year of office. 


56. It shall be left to the Council, as seems expedient to them 
from time to time, whether all or any of the Officers of the Institu- 
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tion be engaged for full or part time employment, and to fix their 
rate of remuneration, if any. 


GENERAL MEETINGS. 


57. The General Meetings shall consist of the Ordinary Meet- 
ings, the Annual General Meeting, and of Special Meetings, as 
hereinafter defined. 


58. The Annual General Meeting shall take place in London 
in one of the first four months of every year. ‘The Ordinary Meet- 
ings shall take place at such times and places as the Council shall 
determine. 


59. A Special Meeting may be convened at any time by the 
Council, and shall be convened by them whenever a requisition, 
signed by 10 per cent., but not less than fifty Ordinary Members 
or Associate Members of the Institution, specifying the object of 
the Meeting, is left with the Secretary. If for fourteen days after 
the delivery of such requisition a Meeting be not convened in 
accordance therewith, the requisitionists, or 10 per cent. of the 
Ordinary Members or Associate Members of the Institution, and 
not less than fifty, may convene a Special Meeting in accordance 
with the requisition. All Special Meetings shall be held in 
London. 


60. The quorum of the Annual General Meeting or of a Special 
Meeting shall be five. In the event of the quorum not being 
formed within half an hour of the time announced for the com- 
mencement of the Meeting, the Council shall be empowered to deal 
with the business of the Meeting. 


61. Seven clear days’ notice of every Meeting, specifying 
generally the nature of any special business to be transacted at any 
Meeting, shall be given to every person on the Register of the 
Institution, except as provided by Rule 77, in regard to Special 
Meetings, and Rule 79 in regard to General Meetings, and no other 
special business shall be transacted at such Meeting; but the 
non-receipt of such notice shall not invalidate the proceedings of 
such Meeting. No notice of the business to be transacted (other 
than such ballot lists as may be requisite in case of elections) shall 
be required in the absence of special business. 
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62. Special business shall include all business for transaction 
at a Special Meeting, and all business for transaction at every other 
Meeting, with the exception of the reading and confirmation of the 
Minutes of the previous Meeting, the election of Members, Asso- 
ciate Members, Graduates, Associates, and Affiliates, and the 
reading and discussion of communications and papers. 


63. No person entered on the Register other than Ordinary 
Members, Associate Members, and Associates, shall have the right 
to vote at any Meeting of the Institution. Each Ordinary Member, 
Associate Member, and Associate shall have one vote. Honorary 
Members and Graduates and Affiliates shall not have votes at 
Meetings of the Institution. 


LOCAL SECTIONS. 


64. Local Sections of the Institution may be formed by the 
Council, consisting of Members, Associate Members, Graduates, 
Associates, and Affiliates of the Institution, in such local centres 
as afford evidence satisfactory to the Council :— 


(a) Of a demand for the formation of a Local Section on 
the part of Members and Associate Members resident in the 
locality, and 

(b) That a T.ocal Section, if formed, will be so adequately 
supported and of such use to the Members, Associate Members, 
Graduates and Associates, and Affiliates in the locality that 
the Council will be justified in appropriating funds of the 
Institution towards its support. 


The Council shall have power to dissolve such Section at any 
time after it has been formed. 


65. The proposal for the formation of a Local Section shall be 
by petition of the Members and Associate Members resident in 
the locality. Such petition, together with the evidence as to the 
probable support and usefulness of the proposed Section, shall 
be brought before and considered by the Council, and if they 
decide that the Section shall be formed, a first Meeting of the 
Members, Graduates, Associates, and Affiliates resident in the 
locality shall be convened by written notice specifying generally 
the nature of the business to be transacted. 
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This Meeting shall be under the Chairmanship of a Member of 
the Council. 


66. A Chairman of the Section (chosen from the Members only) 
and a Committee (chosen from the Members and Associate 
Members) for the management of the local affairs of the Section, 
subject to the approval of the Council, shall be appointed by reso- 
lution of the Members, Associate Members, and Associates resident 
in the locality at the first Meeting of the Section. ‘To ensure pro- 
portional representation on the Council, the Chairman shall become 
ex-officio a member of Council, and where the Local Section is 
of such importance numerically the Section shall become entitled 
to elect such other members of their Committee as_ shall 
ensure the Section proportional representation on the Coun- 
cil. The Chairman and at least one-third of the Com- 
mittee, including the additional representative to the Coun- 
cil, if any, shall retire at each Annual Meeting of the Section. 
Such retirement shall cancel their representation on the Council, 
but all members shall be eligible for re-election. Casual vacancies 
in the office of Chairman or in the Committee may be filled by the 
Committee, but those so appointed by them shall retire at the 
succeeding Annual Meeting of the Section. The election of a 
Chairman and members of the Committee (qualified as above) to 
supply the place of those retiring shall be conducted in manner 
prescribed by the Rules from time to time in force, as provided 
by Rule 67. 


67. Each Local Section shall be constituted and its affairs 
shall be carried on in accordance with rules and regulations laid 
down from time to time by the Council. 


68. The appropriation and contribution of funds of the In- 
stitution towards the expenses of Local Sections, or to enable such 
Local Sections to co-operate with Sections of other Institutions 
and ‘Technical and Scientific Societies in the same locality for 
the purpose of forming Local Associations for the acquisition 
of Local Technical Libraries and Meeting Rooms and the pro- 
vision of staff and equipment thereat for the common use of such 
Local Sections and Societies, consistently with the objects of the 
Institution, shall be in the sole discretion of the Council, and 
the Institution shall not be responsible for any liability incurred 
by or on behalf of any Local Section of the Institution or by or 
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on behalf of any such Local Association beyond any amount pre- 
viously appropriated or contributed for any such specified pur- 
pose by the Council. 


69. The Council may, subject to ratification at a General Special 
Meeting convened for the purpose, arrange for the union, alliance, 
or incorporation with the Institution of any Society with kindred 
objects; and may also, if they think fit, remit or reduce the 
entrance fees of the Members of such Society at the time of 
union, alliance, or incorporation. 


PROPERTY AND FUNDS. 


70. The property and funds of the Institution, and generally 
all its personal estate and all its real estate (if any) may be sold 
or disposed of by or according to the order and discretion 
of the Council, but only if and provided that it be sanctioned 
by a Special General Meeting of Ordinary Members, Associate 
Members, and Associates. 


71. Any donation may be accepted by the Council and 
Treasurer in aid of the funds of the Institution. 


72. All the moneys of the Institution in excess of such current 
balance in the hands of the Treasurer as the Council shall from 
time to time require the Treasurer to keep in hand to meet the 
current expenses of the Institution, shall be invested in any 
mode in which Trustees are or shall be by law, in absence of 
special direction, authorised to invest trust moneys under their 
control. 


73- Every paper presented to the Institution, and accepted 
for reading or for publication in the ‘‘ Proceedings,’’ and the 
copyright thereof, shall be the property of the Institution, unless 
there shall have been some previous arrangement to the contrary. 
But the Council, in such cases as they may think fit, shall have 
power to release or surrender their rights in respect of any such 
paper or the copyright thereof. 


74. Each Councillor shall be accountable in respect of his own 
acts only, and shall not be accountable for any acts done or 
authorised to which he shall not have expressly assented. No 
Councillor shall incur any personal liability in respect of any 
loss or damage incurred through any act, matter, or thing done, 
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authorised, or suffered by him, being done in good faith for the 
benefit of the Institution, if believed by him to be within although 
in excess of his legal power. 


NOTICES. 


75. A notice may be served by the Council or Secretary of 
the Institution upon any Honorary Member, Ordinary Member, 
Associate Member, Graduate, Associate, or Affiliate, either per- 
sonally or by sending it through the post in a prepaid letter 
addressed to such Honorary Member, Ordinary Member, Asso- 
ciate Member, Graduate, Associate, or Affiliate, at his address, 
as registered in the books of the Institution. 


76. Any notice, if served by post, shall be deemed to have 
been served at the time when the letter containing the same would 
be delivered in the ordinary course of the post; and in proving 
such service it shall be sufficient to prove that the letter contain- 
ing the notice was properly addressed and put into the Post 
Office. 

77. No Honorary Member, Ordinary Member, Associate 
Member, Graduate, Associate, or Affiliate, not having a regis- 
tered address within the United Kingdom, shall be entitled to 
any notice; and all proceedings may be had and taken without 
notice to such Honorary Member, Ordinary Member, Associate 
Member, Graduate, Associate, or Affiliate, in the same manner 
as if he had had due notice. 

78. The Institution may appoint a periodical as the Official 
Organ of the Institution, for the publication of general notices 
and other information at the discretion of the Council. 


79. After seven clear days from the date of publication any 
notice published in the Official Organ of the Institution shall be 
deemed to have been served on all Members. 


80. These Rules may be altered by resolution of General Meet- 
ing at any time provided that in the notice calling such meeting 
it is stated that the alteration of Rules forms part of the business 
to be transacted. 
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